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The  attainment  of  scientific  truth  ha«  been  effected  to  a  great  extent  by  the  b< 
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PREFATORY  NOTE. 


The  work  herewith  presented  is  in  part  an  outgrowth  of  a  series  of 
sctures  to  students  in  geology  in  Columbian  (now  George  Washing- 
Dn)  University,  though  many  of  the  facts  were  gathered  while  look- 
ng  up  the  records  of  the  early  Government  surve3's,  with  a  view  of 
Bceiiiiining  the  final  disposition  of  their  collections.  No  idea  was  at 
brst  entertained  of  putting  the  matter  in  book  form,  but  as  material 
(radually  accumulated  the  advisability'  of  making  it  a  permanent 
tecord  became  apparent.  On  the  supposition  that  it  was  a  desirable 
ing  to  do  at  all,  it  is  perhaps  fortunate  that  the  idea  of  a  fairly  con- 
itive  history  of  the  rise  and  progress  of  American  geology  was, 
:e  the  science  itself,  a  matter  of  growth,  as  the  magnitude  of  the 
;k  would  certainly  have  deterred  from  undertaking  it  one  whose 
,in  opportunity  lay  in  the  improvement  of  odd  moments. 
As  to  the  mode  of  presentation  of  the  subject:  It  has  been  the 
iter's  desire  to  do  this  in  a  manner  such  as  should  show  not  merelv 
ffaat  has  been  done,  by  whom,  and  how  it  has  been  done,  but  the 
iial  growth  of  the  science  and  the  development  of  powers  of 
rvation  and  deduction  as  well.  To  do  this  satisfactorily,  no  other 
ngement  than  a  chronological  one  seemed  possible,  though  it  must 
confessed  that  a  topical  one  would  have  been  easier  to  handle  and 
lid,  perhaps,  have  been  made  more  readable.  In  several  instances, 
leed,  the  topical  treatment  has  been  adopted,  as  in  the  chapters  o!i 
Eozoon  and  theTaconic  question.  Should  it  appear  that  the  method 
essentially  similar  to  that  adopted  by  Sir  Archibald  Geikie  in  his 
founders  of  Geology,  the  writer  has  only  to  express  the  regret  that 

imitation  is  so  crude. 

Let  no  one  for  a  moment  feel  that  the  writer  has  called  attention  to  the 

>rs  and  crudities  of  observation  and  deduction  of  the  earl}'  workers  in 

ipirit  of  levity.    Far  from  that.    These  men  were  pioneers.    They  had 

ived  little  or  no  preliminar}'^  training  along  these  special  lines,  and 

access  to  but  few  books.     The  information  with  which  the  geolo- 

of  to-day  begins  his  career  did  not  then  exist,  and  an  effort  has 

been  made  to  show  by  what  j'ears  of  toil  each  new  fact  has  been 

irthed,  cleansed  of  the  ddbris  which  obscured  its  outlines,  and 

wured  up  in  such  form  that  it  is  now  possible  for  the  student,  in  a 

short  years,  to  encompass  the  garnerings  of  a  century. 
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Mor  must  it  be  thought  that  iu  touching  upon  sundry  disput 
quarrels,  and  petty  jealousies  it  has  been  done  with  an  idea  of  belittlii 
the  individual  in  any  way.     Indeed,  a  truly  able  man  is  not  belitti 
by  his  weaknesses.     To  appreciate  his  strength  we  need  to  know 
weakness.    These  were  but  men,  and  we,  who  are  weakly  human^  likei 
recognize  in  them  human  traits — like  to  learn  of  their  errors  in  ju( 
ment  and  word}'^  warfares. 

Regarding  the  portraits,  it  may,  perhaps,  be  well  to  state  that 
special  effort  has  been  made  to  obtain  such  as  represented  the  indi^ 
ual  at  the  period  of  his  career  under  discussion.     This  has  natui 
been  a  matter  of  some  difficulty,  and  in  some  cases  an  impossibility. 

A  large  part  of  those  here  reproduced  are  from  the  G.  Brown  G< 
collection  in  the  National  Museum  and  the  private  collection  of 
writer.     For  assistance  in  securing  others  the  writer  is  indebted 
Prof.  W.  H.  Brewer,  Prof.  W.  B.  Clarke,  Dr.  W.  H.  Dall,  S. 
Emmons,  Dr.  A.  C.  Peale,  T.  C.  Weston,  Gen.  A.  W.  Vogdes, 
others.     Acknowledgments  for  other  assistance  are  due  to  many, 
particularly  to  Prof.  Charles   Schuchert,  formerly  of  the   Natioi 
Museum,  but  now  of  Yale  University.     Miss  Lucy  M.  Graves 
rendered  valuable  assistance,  both  in  preparation  of  the  mauusci 
and  reading  the  proof. 
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CHAPTER  1. 

* 
I 

THE  MACLUREAN  ERA,  1785-1819. 

In  order  that  one  may  fully  appreciate  the  conditions  under  which 
the  early  workers  in  geology  in  America  lahored,  it  is  necessary  to 
refer  somewhat  briefly  to  foreign  workers  and  the  general  condition 
of  the  science  at  the  time  this  history  opens.  A  detailed  statement  is 
presumably  unnecessary,  the  subject  having  been  well  covered  by 
Lvell«  Geikie,*  and  Zittel.'' 

The  literature  extant  at  that  time  was  not  large,  and  was,  moreover, 
for  the  most  part  quite  inaccessible  to  tlie  average  American  student. 

I  Libraries  were  few,  small,  and  far  between,  and  the  workers,  as  a  rule, 
men  of  moderate  means  who  studied  geology  as  a  recreation  or  when 
the  cares  of  their  professions  permitted. 

Disregarding  the  cosmogonists — those  who,  to  use  a  popular  expres- 
i*ion,  did  not  allow  what  few  facts  theymay  have  possessed  to  seri- 
ously hamper  the  flights  of  their  imaginations — mention  should  be 
made  of  the  writings  of  the  French  geologist,  (jiittard,  during  the 
period  1746-1765.  Gi'ittard  studied  the  now  well-known  region  of 
the  Auvergne  in  central  Finance,  recognized  the  volcanic  nature  of  the 
phenomena  there  displayed,  and,  though  he  fell  into  error  vvh(»n  he 
attributed  their  origin  to  the  combustion  of  petroleum  or  bitumen, 
he  niay,  nevertheless,  according  to  Doctor  Geikie,  be  regarded  as  the 
founder  of  volcanic  geology.  Singularly  enough,  as  it  seems  to-day, 
he  failed  to  recognize  the  connection  between  volcanoes  and  basalt, 
and  attributed  the  latter  to  crystallization  from  an  acjueous  solution. 
Guttard's  papers  were  for  many  years  lost  sight  of,  but  their  vahu! 
and  interest  have  of  late  been  made  apparent  })y  the  author  above 
quoted.  Desmarest,  who  followed  Gi'ittard,  corrected  this  error  in 
his  memoir  on  basalt,  which  appeared  in  1774. 

The  geological  results  obtained  by  the  Russian  astronomical  exp(»- 
dition  under  Pallas,  in  1769,  though  important,  could,  for  a  long  time 

.  at  least,  have  had  little  effect  on  American  workers,  and  thiMi  only 
through  the  writings  of  others.  They  were  first  published  at  St. 
Petersburg  in  German  (1772-1776)  and  afterwards  translated  into 
French.     Pallas  taught,  among  other  things,  that  a  granite  core  was  a 

"  Principles  of  Geology. 

'►The  Fonnders  of  Geology. 

^^Higtory  of  Greology  and  Pale^mtology. 

'1^1 
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constituent  of  All  mountain  ranges,  and  that  the  remains  of  the  ipam- 
moth  and  other  large  animals  found  in  Siberia  and  the  Arctics  were 
transpoited  thence  by  floods  from  the  region  of  the  equator.  This 
last  idt^,'  it  will  be  noted,  took  tinn  hold  on  at  least  one  of  our 
Aiueriedn  authors. 

During  1779-1796  the  Swiss  naturalist,  De  Saussure,  had  put  out 
•  tfrre'e  quarto  volumes  giving  the  results  of  his  observations  in  the 
;  •' A'fps,  and  Lehman  and   Fuchsel,  during  1756-1770,  had  published 
..,*.  important  matter  relative  to  the  order  of  superposition  of   rocks. 
Fuchsel,  unfortunately,  wrote  wholly  in  Latin,  and  though  his  obser- 
vations were  important  the}-  created  little  impression. 

The  two  most  prominent  figures,  and  those  whose  views  undoubt- 
edly prevailed  over  all  others,  were  the  German,  Werner,  and  the 
Englishman,  Hutton.  Indeed,  our  history  opens  in  the  very  midst  of 
a  controversy  between  these  two  and  their  followers — between  those 
who  believed  with  Werner  that  the  various  rocks  of  the  earth's  crust 
were  the  result  of  a  gradual  precipitation  from  the  waters  of  a  uni- 
versal ocean  and  who  were  not  inaptly  called  JVeptmiists^  and  those 
who  recognized  the  efficacy  of  igneous  agencies  and  were  therefore 
cal  led  PIh  ton  itits. 

It  is,  of  course,  inqwssible  to  state  in  the  majority  of  case«  whence 
anv  writer  mav  have  dniwn  his  inferences  or  inspiration.  We  mav 
know  the  literature  of  any  given  period,  but  we  have  no  means  of 
knowing  whether  or  not  it  was  accessible  to  a  writer  or,  indeed,  if  he 
was  aware  of  its  existence.  Discoveries  in  science,  like  inventions, 
are  rareh^  or  never  the  work  of  a  single  brain,  but  are  matters  of 
growth.  Such  result  from  the  gradual  accumulation  of  facts  or  ideat}, 
often  seemingly  wholly  disconnected,  but  which  some  master  mind 
takes  at  the  proper  time  and  molds  to  his  uses. 

What  is  commonly  regarded  as  the  tirst  work  on  American  geology 
was  Johann  David  SchOpf  s  Heltntge  zur  Mlneral(^li<chen  Kenntnhs 
vo7h  des  Oestlichtm   ThtlJs  von  JVf^rd  Amt^rlka  imd  seine  Gehirge^  pub- 
lished in  1787.     Schopf  came  to  America  as  a  surgeon 

Schtfprs  Work  on  in-  i       .  i  *    .i        t-*         i 

American  Qeoiosy,     to  the  Hessiaii  troops  during  the  war  of  the  Kevoiu- 

tion,  and  immediately  after  the  treaty  of  peace  in  1783 
made  a  tour  throughout  the  Eastern  States  as  far  south  as  Florida. 

As  a  foreigner,  whose  results  were  published  in  Gennany,  St^hCpfs 
work  lies  outside  the  limits  of  the  present  history.  It  may  be  said, 
however,  that  he  noted  the  close  similarity  throughout  all  its  parts  of  the 
flat  lands  (coastal  plain)  extending  from  the  western  end  of  Long  Island 
to  Florida,  and  that  this  was  marked  oflf  from  the  hilly  region  to  the 
northwest  by  a  double  series  of  waterfalls  in  all  the  rivers  emptying 
into  the  Atlantic.  Thus  early  was  recognized  the  "fall  line"  as  a 
physiographic  feature  of  the  American  continent. 
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There  are  several  brief  papers  of  a  mineralogical  nature  of  an  earlier 
date  than  SchOpf  s.  which  may  be  mentioned.  Thus,  in  the  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences  for  1785  are  to  be 

found  the  following  titles: 
Araericaa  Acwicny.       An  Account  of  the  Oilstonc  found  at  Salisbury,  by 

1785.  •■'  '      * 

Samuel  Webster;  Yellow  and  Red  Pigment,  An  account 
of.  Found  at  Norton,  by  Samuel  Deane;  An  Account  of  Seyeml  Strata 
of  Earth  and  Shells  on  the  Banks  of  the  York  Riyer,  Virginia,  by 
Benjamin  Lincoln;  and  Fossil  Substance  containing  Vitriol  and  Sul- 
phur, Anr  Account  of  large  quantities  of,  found  at  Lebanon,  New 
Hampshire,  b}'  Jeremy  Belknap. 

Of  more  importance  are  two  papers  by  Dayid  Jones  and  Caleb  Alex- 
ander regarding  the  supposed  yolcanic  nature  of  West  Riyer  Mountain 
in  Connecticut.     Jones  described  in  some  detail  the  appearance  of  the 

mountain  and  the  efforts  of  the  natiyes,  or  j>ea8a7its^ 
soppM^^ofcano in  ^^^  j^^  called  them,  to  discover  thereon  the  gold  which 

they  imagined  had  been  melted  down  to  a  solid  body 
by  the  extreme  heat  of  the  eruption.    The  rock  compi'ising  the  moun- 
tain was  described  as  in  many  places  nmch  burned,  softened,  and 
dissolved  by  heat,  with  cinders  and  melted  drops  adhering  and  hanging 
down  like  small  icicles,  somewhat  resembling  in  color  the  cinders  of  a 
furnace  or  black  glass.    While  conyinced  that  there  had  been  yolcanic 
explosions  in  the  mountain,  he  regarded  such  as  having  taken  place  at 
lea-st  fifty  years  earlier,  while  the  volcano  itself,  he  thought,  could 
not  have  been  active  perhaps  ''within  the  present  nor  past  century." 
Alexander  wrote  much  more  confidently: 

Once  in  winter  there  was  an  eruption.  The  years  when  the  preceding;  eniptions 
happened  I  can  not  inform;  the  last  was  twenty -seven  years  since,  which  was  the 
niort  violent  eruption  ever  known  in  that  place.  It  was  toward  the  clow  of  a  dark 
evening  when  it  was  first  perceived,  being  preceded  by  a  louder  noise  than  common; 
then  directly  was  seen  the  fire,  which  was  seen  U)  burn  for  several  hours. 

After  describing  in  some  detail  the  appearance  of  the  rock  in  the 
immediate  vicinity  of  the  spot  from  which  the  fire  was  supposed  to 
have  issued,  Alexander  went  on  to  say: 

I  am  not  able  to  determine  whether  there  be  anything  of  a  sulphurous  nature  on 
this  mountain,  but  this  I  dare  affirm,  that  there  have  been  several  eruj)tions,  but 
whether  it  may  with  propriety  be  called  a  volcano  I  know  not.  This  deteriuination 
i<»  submitted  to  the  judgment  of  gentlemen  more  accjuainted  with  the  nature  of  vol- 
canoes than  I  can  pretend  to  be. 

In  view  of  the  definite  nature  of  these  statements,  it  may  be  well  to 
anticipate,  and  to  state  here  that  in  1810  Col.  George  Gibbs  visited 
tbe  mount^ain^  attracted  by  the  published  re]:x)rts,  and  made  known 
the  results  of  his  observations  in  Bruce's  Mineralogical  Journal.  lie 
found  no  trace  whatever  of  any  eruption  nor  other  signs  of  volcanic 
activity,  the  "lava"  reported  proving  to  be  hematite,  an  oxide  of  iron. 
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A  paper  by  Robert  Mc^Causlin,  read  before  the  American  Philosoph- 
ical Society  of  Philadelphia  in  1789  and  published  in  1793,  conveys  I 
^    ^. .      ,  t^ood  idea  of  the  crude  condition  of  analytical  chem- 

Condition  of  V  "  . 

Anai3rticai  Jstry  at  that  date  and  enables  one  to  well  appreciate 

the  difficulties  under  which  the  mineralogists  laboroi 
in  describing  a  "'mineral  substance"  found  near  the  falls  of  Niaganu 
he  wrote: 

In  onler  tt)  deteniiine  the  nature  of  this  HuMance,  I  made  the  following  experi- 
ments: 

Exp.  l8t.  I  put  an  opaque  pioce,  weighting  fourteen  grains,  into  the  vitriolic  acid 
dilute<l  with  three  times  ithi  (piantity  of  water,  and  let  it  remain  then»  twenty-foir 
hours,  shaking  it  now  and  then.  Not  the  leiiat  effer\'(.»t>trence  eneued,  and  on  taking 
out  the  piece  it  weiglu*fl  near  one  grain  more  than  when  it  was  put  in,  although  ore 
was  taken  to  absorl)  the  mois^turo  wliich  was  ujK^n  its  surface.  This  experiment  wai 
repeated  with  a  shining  ])iere,  and  with  exactly  the  same  result. 

Exp.  2nd.  AVhen  put  into  vinegar  it  did  not  produce  the  least  effer\'escem«.  The 
vinegar  having  st4>otl  upon  it  for  sometime,  it  was  then  poured  oH  and  spiritol 
vitriol  droppetl  into  it,  yet  not  the  least  precipitationensued. 

That  I  might  not  he  led  into  error  hy  the  vinegar  not  l>eing  good  of  its  kind,  I 
rei>eated  these  experiment.s  with  chalk;  and  as  both  effervescence  and  precipitation 
took  place  it  was  eviclent  thert*  was  no  defect  in  the  vinegar. 

Exp.  3rd.  A  small  piece  was  ex{>osed  to  the  heat  of  a  blacksmith's  forge  durinf 
fifteen  hours.  Upon  taking  it  out  and  ]>ouring  water  upon  it  no  eballition  ensoed; . 
nevertheless  it  tasted  like  weak  limewater;  being  then  divided  into  two  portions,! 
solution  of  mild  fixe<l  alkali  was  droppe<l  into  the  first,  and  immediately  a  precipiti- 
tion  ensue<l.  The  set-ond  ix)rtion  l)eing  expose<l  to  the  air  in  a  tea  cup  soon  coo- 
tractetl  a  changeable  film,  which  next  morning  was  become  very  thick,  resemWini 
in  every  rcsjiect  that  of  limewater. 

Exp.  4th.  Hot  water  lH»ing  poured  on  some  of  this  substance  reduced  top<»wdrt 
ami  the  whole  suffered  to  sHtlc,  tlie  clear  liquor  had  not  the  taste  of  limewater ti 
in  the  3rd  exiKTiment;  nevertheless  a  solution  of  mild  fixed  alkali  l^eing  dmppfd 
into  it  as  copious  a  i>recij)itation  ensued  as  when  the  earth  had  undergone  calcini- 
tion. 

As  I  had  neither  the  nitrous  nor  muriatic  aci<ls,  nor  even  i^austic  fixed  alkali,  1 
had  it  not  in  my  power  to  make  any  trials  with  them. 

From  these  e.\|x,'riments  we  may  iK»rhaps  l)e  authorized  to  draw  the  following 
conclusions: 

1st.  That  this  concrete  is  not  an  alkaline  earth,  as  it  is  not  affecteil  either  by  the 
vitriolic  or  the  vegetable  acids. 

2n<llv.  We  mav  with  more  T)robabilitv  sav  that  it  is  a  combination  of  an  acid  with 
acalcareoiLs  earth,  and  that  it  might  with  propriety  l>e  rankeil  amongst  theselenittt 
This  supposition  is  founded  on  the  following  reasons:  First,  it  appears  from  the 
fourth  ex|HTiment  that  it  is  pmctically  soluble  in  water,  and  that  its  earth  can  he 
precipitate<i  by  a  mild  fixed  alkali;  secondly,  the  third  experiment  shews  evidently 
that  its  earth  is  of  the  calcareous  kind,  as  api>ears  by  the  styptic  taste  and  changeable- 
coloreil  film,  agn^eing  exactly  with  conumm  limewater.  It  seems  probable  that  the  i 
vehemence  of  the  fire  had  in  part  ex|>elled  the  acid,  leaving  a  portion  of  the  niawiB 
the  state  of  quicklime. 

Of  more  direct  geological  })earing  is  a  letter  from  Benjamin  De  Witt 
to  the  Philadelphia  Academy,  printed  in  the  second  volume  (17M) 
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?  their  Transactions.  He  mentioned  the  occurrence  of  iron  ore, 
P'psum^  calcareous  petrifactions,  red,  slaty  stones,  soft  cla}',  a  white 

fossil  substance,  rock  crystal,  a  curious  annular  stone, 
•^wftTtT^S?"***  and  sixty-four  specimens  of  some  varieties  of  stone 

found  on  the  shore  of  Lake  Ontario.  Discussing  this 
bst  occurrence,  he  wrote: 

Now,  it  Is  almost  impossible  to  believe  that  so  great  a  variety  of  stones  should  be 
fctarally  formed  in  one  place  and  of  the  same  species  of  earth.  They  must,  there- 
►re,  have  been  conveyed  there  by  some  extraordinary  means.  I  am  incline<l  to 
slieve  that  this  may  have  been  effected  by  some  mighty  convulsion  of  nature,  such 
I  an  earthquake  or  eruption;  and  perhaps  this  vast  lake  may  be  considere<l  as  one 
I  those  great  fountains  of  the  deep  which  were  broken  up  when  our  earth  was  del- 
aped  with  water,  thereby  pnxlucing  that  confusion  and  disorder  in  the  composition 
I  its  surface  which  evidently  seems  to  exist. 

So  far  as  I  am  aware,  this  is  the  first  recognition  of  or  attempt  to 
Dcount  for  the  glacial  drift,  although  its  glacial  character  was  of 
ourse  undreamed  of. 

It  is  perhaps  not  strange  that,  with  the  cosmogonists  not  yet  fully 
ntof  the  field,  the  "many-sided"  Franklin  should  have  indulged  in 
beories  relative  to  the  earth's  history,  nor  that  such  were,  at  the  time, 

thought  worthy  of  consideration.  In  1788,  in  a  letter 
SSSSSr^l^"*  to  the  Abb^  Soulavie,  he  suggested  that  the  earth  may 

not  be  solid  to  the  core,  but  that  the  outer  portion  or 
bell  is  floating,  as  it  were,  on  an  internal  fluid  more  dense  than  any 
olids  of  which  we  have  knowledge.  He  was  led  to  this  view  from 
eeing  at  the  base  of  one  of  the  Derbyshire,  England,  mountains, 
^  oyster  shells  mixed  in  the  stones,"  a  condition  of  affairs  indicating 
n  elevation  of  this  portion  of  the  land  above  the  sea  level  and  which 
le  conceived  could  not  take  place  were  the  earth  solid.     He  wrote: 

Thus  the  surface  of  the  globe  would  be  a  shell,  capable  of  Iw^ing  broken  and  dis- 
t>dered  by  any  violent  movements  of  the  fluid  on  which  it  rested.  And  as  air  has 
een  compreseeil  by  art  so  as  to  be  twice  as  dense  as  water,  in  which  case  if  such 
i*"  and  water  could  be  contained  in  a  strong  glass  vessel  the  air  would  l>e  tH.*on  to 
4ce  the  lowest  place  and  the  water  to  float  above  and  upon  it;  and  as  we  know  not 
•et  the  degree  of  density  to  which  air  may  be  compressed;  and  M.  Ainontons  calcu- 
ited,  that  its  density  increasing  as  it  approached  the  center  in  the  same  pro]Kjrtion 

•  above  the  surface,  it  would  be  at  the  depth  of leagues  heavier  than  gold, 

iCMnbly  the  dense  fluid  occupying  the  internal  parts  of  the  glol)e  might  l>e  air  com- 
t^Besed.  And  as  the  force  of  expansion  in  dense  air  when  heated  is  in  projM)rtion 
t^  its  density;  this  central  air  might  afford  another  agent  to  move  the  surface,  as  well 
^  beof  use  in  keeping  alive  the  subterraneous  flres;  though  as  you  ol)serve,  the 
bidden  nu^faction  of  water  coming  into  contact  with  those  fires  may  al^  l>e  an  agent 
H^dently  strong  for  that  purpose  when  acting  between  the  incuml>ent  earth  and 
be  fluid  on  which  it  rests. 

K  one  might  indulge  imagination  in  supposing  how  such  a  globe  was  formed,  I 
boald  c<.nceive  that  all  the  elements  in  separate  particles  being  originally  mixed  in 
^MBfusion  and  occupying  a  greater  space,  they  would,  as  noon  as  the  Almighty  fiat 
idained  gravity  or  the  mutual  attraction  of  certain  parts  and  the  mutual  repulsion 
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of  other  parts  to  exist,  all  move  toward  their  common  center;  that  the  air  being  a  fluid 
whose  imrts  repel  each  other,  though  drawn  to  the  common  center  by  their  gravity, 
would  be  densest  toward  the  center  and  rarer  as  more  remote;  consequently  all 
matters  lighter  than  the  central  part  of  that  air  and  immersed  in  it  would  recede 
from  the  center  and  rise  till  they  arrived  at  that  region  of  the  air  which  was  of  the 
same  specific  graWty  with  themselves  where  they  would  rest;  while  other  matter 
mixed  with  the  lighter  air  would  descend,  and  the  two  meeting  would  form  the 
shell  of  the  first  earth,  leaving  the  upper  atmosphere  quite  clear.  The  original 
movement  of  the  parts  toward  their  common  center  would  naturally  form  a  whirl 
there,  which  would  continue  in  the  turning  of  the  new-formed  globe  upon  its  axis, 
and  the  greatest  diameter  of  the  shell  would  be  in  its  equator.  If  by  any  accident 
afterwards  the  axis  should  be  changed,  the  dense  internal  fluid  by  altering  its  form 
must  burst  the  shell  and  throw  all  its  substance  into  the  confusion  in  which  we 
find  it. 

Again,  in  a  letter  to  Mr.  Bodoin,  under  date  of  1790,  he  said: 

Let  me  add  another  question  or  two,  not  relating,  indeed,  to  magnetism,  but,  how- 
ever, to  the  theory  of  the  earth. 

Is  not  the  finding  of  great  quantities  of  shells  and  bones  of  animals  (natural  to  hot 
climates)  in  the  cold  ones  of  our  present  world  some  proof  that  its  present  poles  have 
been  changed?  Is  not  the  supposition  that  the  poles  have  been  changed  the  easiest 
way  of  accounting  for  the  deluge  by  getting  rid  of  the  old  diflSculty  how  to  dispose 
of  its  waters  after  it  was  over?  Since,  if  the  poles  were  again  to  be  changed  and 
placed  in  the  present  equator,  the  sea  would  fall  there  about  15  miles  in  height  and 
rise  as  much  in  the  present  polar  regions,  and  the  effect  would  be  proportionable  if 
the  new  poles  were  placed  anywhere  between  the  present  and  the  equator. 

Does  not  the  apparent  wrack  of  the  surface  of  this  globe,  thrown  up  into  long 
ridges  of  mountains,  with  strata  in  various  proportions,  make  it  probable  that  its 
internal  mass  is  a  fluid,  but  a  fluid  so  dense  as  to  float  the  heaviest  of  our  substances? 
Do  we  know  the  limit  of  condensation  air  is  capable  of  *^  Supp<^ing  it  to  grow  denser 
within  the  surface  in  the  same  proportion  nearly  as  we  find  it  does  without,  at  what 
depth  may  it  be  equal  in  density  with  gold? 

Can  we  easily  conceive  how  the  strata  of  the  earth  could  have  been  so  deranged 
if  it  had  not  been  a  mere  shell  supported  by  a  heavier  fluid?  Would  not  such  a 
supposeii  internal  fluid  globe  be  immediately  sensible  of  a  change  in  the  situation  of 
the  earth's  axis,  alter  its  form,  and  thereby  burst  the  shell  and  throw  up  parts  of  it 
above  the  rest? 

As  if  we  would  alter  the  proportion  of  the  fluid  contained  in  the  shell  of  an  egg 
and  place  its  longest  diameter  where  its  shortest  now  is  the  shell  must  break  if  the 
whole  internal  substance  were  as  solid  and  hard  as  the  shell. 

Might  not  a  wave^by  any  means  raised  in  this  supj)Osed  internal  ocean  of  extremely 
dense  fluid,  raise  in  some  degree  as  it  passes  the  present  shell  of  incumbent  earth. 
and  break  it  in  some  places,  as  in  earthquakes?  And  may  not  the  progress  of  such, 
wave  and  the  disorders  it  occasions  among  the  solids  of  the  shell  account  for  tha 
rumbling  sound  being  first  heard  at  a  distance,  augmenting  as  it  approaches,  aod 
gradually  dying  away  as  it  proceeds?  A  circumstance  observed  by  the  inhabitants  of 
South  America  in  their  last  great  earthquake — that  noise  coming  from  a  place  eomo 
degrees  norih  of  Lima  and  being  traced  by  enquiry  quite  down  to  Buenos  AynB, 

proceeding  regularly  from  north  to  south  at  the  rate  of leagues  per  minute,  as  i 

was  informed  by  a  very  ingenious  i'eruvian  whom  I  met  in  Paris. 
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Franklin  was  not  the  only  one  of  our  statesmen  who  at  that  time 
felt  at  liberty  to  indulge  in  study  and  speculation  on  scientific  subjects. 
Thomas  Jefferson,  when  he  came  to  Philadelphia  to  be  inaugurated 

Vice-President  in  1797,  brought  with  him  a  collection 
Mmtoioffist,  1797.  ^^  fossil  boucs  f rom  the  western  part  of  Virginia,  and 

the  manuscript  of  a  memoir  upon  them,  which  he  read 
before  the  American  Philosophical  Society,  of  which  he  had  been 
elected  president  the  preceding  year.^  And  again  in  1801,  when  Con- 
gress was  vainly  trying  to  untangle  the  diflBculties  arising  from  the  tie 
vote  between  Jefferson  and  Burr,  when  every  politician  at  the  Capitol 
was  busv  with  schemes  and  counter-schemes,  Jefferson  was  corre- 
spending  with  Doctor  Wistar  in  regard  to  some  bones  of  the  mam- 
moth which  he  had  just  procured  from  Shawangunk,  in  New  York; 
and  still  again,  in  1808,  when  the  excitement  over  the  embargo  was 
highest,  and  when  every  day  brought  fresh  denunciation  of  him  and 
his  policy,  he  was  carrying  on  his  geological  studies  in  the  White 
House  itself.  Under  his  direction  upward  of  three  hundred  speci- 
mens of  fossil  bones  had  been  brought  from  the  famous  Big  Bone 
Lick,  of  Kentucky,  and  spread  in  one  of  the  large  unfinished  rooms 
of  the  Presidential  Mansion.  The  exploration  of  this  lick,  it  should 
be  noted,  was  made  at  the  private  expense  of  Jefferson,  through  the 
agency  of  Gen.  William  Clarke,  the  western  explorer.* 

The  appearance  of  bones  of  animals  of  large  size  and  now  extinct, 
as  described  bv  Jefferson,  naturallv  excited  the  attention  of  the 
curious,  and  numerous  accounts  of  similar  occurrences  began  to  find 
their  way  into  print.  In  the  Transactions  of  the  American  Philo- 
sophical Society,  under  date  of  1802,  is  given  an  abstract  of  a  commu- 
nication by  Martin  Duvalde  regarding  the  finding  of  bones  supposed  to 
be  those  of  an  elephant  in  the  Opelousas  country  west  of  the  Missis- 
sippi, i.  e.,  in  Louisiana. 

Of  greater  interest,  however,  is  a  paper  by  the  artist  and  naturalist, 
Rembrandt  Peale,  entitled  Account  of  the  Skeleton  of  the  Mammoth, 
A  Nondescript  Carnivorous  Animal  of  Immense  Size  Found  in  Amer- 
ica.    This  was  printed  in  London  under  date  of  1802, 
rt!!M!J!£SS{?^i>n'»  and  dedicated  to  Sir  Joseph  Banks,  Bart.,  President 

of  the  Royal  Society.  The  particular  skeleton  de- 
scribed was  exhumed  in  the  vicinity  of  Newburgh,  New  York,  in  1801.^ 
The  animal  was  regarded  by  Peale  as  unquestionably  carnivorous  from 

•This  paper  was  published  in  the  Transactions  of  the  Society,  IV,  1799,  as  was 
ilao  Doctor  Wistar's  more  detailed  description  of  the  lK)nes  themselves. 

*The  Origin  of  the  National  Scientific  and  Educational  Institutions  of  the  United 
States,  by  G.  Brown  Goode. 

'"SuflScient  material  was  found  to  form  two  skeletons,  one  of  which  was  sent  to 
linden  and  the  other  to  Philadelphia,  where  it  was  subsequently  destroyed  by  fire. 
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the  structure  of  the  teetli  and  jaw,  and  he  concluded  his  description 
with  a  quotation  from  Doctor  Dunter: 

If  this  animal  wa»  indee<l  carnivorous,  which  I  believe  can  not  be  doubted,  though 
we  may  as  philosophers  regret  it,  as  men  we  cannot  but  thank  Heaven  that  its 
whole  generation  is  probably  extinct." 

Turning  once  more  to  the  Transactions  of  the  American  Philosoph- 
ical Society,  we  tind  in  1799  Thomas  P.  Smith  giving  an  account  of 
"crystalline  basalts'"  found  in  the  Conewago  Hills,  near  Elizabeth- 
town  in  Pennsylvania.    The  '  *  c  "vstals  "  were  described 

Smith's  Account  of  n      /  .       i      i      i  ■      i>  n.  .  rr.i 

the  Conewago  Hills,   as  ffenerallv  tetrahearal  and  of  very  fine  eram.     ihe 

1799.  o  ►  ..  o 

massive,  noncolumnar  foiin  was  spoken  of  as  amor- 
phous, but  it  **has  generally  a  yerv  strong  tendency  to  cr3\stallize.'' 
Crystallized  granite  in  predominating  tetrahedral  forms  was  also  de- 
scribed. In  the  same  transactions  (1S07)  S.  (iodon  made  certain  obser- 
vations for  a  mineralogical  map  of  Maryland,  in  which  he  noted  the 
occurrence  of  gneiss  and  greenstone  in  the  the  vicinity  of  Washington, 
and  the  finding  of  *' fossil  bodies, ••  shells,  and  fossil  woods  in  a  ravine 
near  Rock  Creek  Church.  The  city  itself  was  rightly  described  as 
built  on  alluvial  land,  Rock  Creek  forming  the  boundary  between  the 
primary  and  alluvial  soil. 

In  February  of  this  same  year  B.  H.  Latrobe  read  l>efore  the  society 
a  paper  describing  the  geographic  distribution  of  the  sand  rock  quar- 
ried at  Aquia  Creek  on  the  Potomac,  and  used  in  some  of  the  public 
buildings  of  Washington.  The  marked  cross-bedding,  so  prominent  a 
feature  in  the  stone,  he  ascribed  to  wind  action.  A  fact  of  more  geo- 
logicjil  importance  is,  however,  his  recognition  of  the  ''fall  line-' — of 
the  fact  that  a  line  drawn  along  the  lower  falls  of  our  rivers  is  the 
ancient  line  of  the  seacoast  from  New  York  to  the  southwest,  and  indi- 
cates a  higher  ocean  level  of  some  120feot.     Schopf,  it  will  be  remem- 


"The  first  mention  of  bones  of  the  American  nmiuinoth  upon  record  appears  to  be- 
that  made  by  Dr.  Cotton  Mather,  of  Boston,  in  a  paper  communicated  to  the  Royal 
Society  in  1714.     The  object  of  this  worthy  divine  seems  to  have  been  to  corrol>orate, 
by  the  discoverA-  of  the  bonen,  the  account  piven  in  Scripture  of  a  race  of  anteilihivian. 
piants.     He  incHnes  to  this  o])inion  from  the  circumstance  that  bones  have  been  dug: 
up  in  America  of  an  enormous  size,  and  yet  resembUng  in  their  formation  those  oC 
the  human  l)odv.     These  bones,  he  states,  were  found  in  1705  near  Albany,  on  tht? 
Hudson.     Among  them  was  a  grinder  weighing  4?  pounds;  another  tooth,  broad  and 
flat,  like  an  incisor:  a  third  like  the  eye  tooth  of  man  when  woni  away  by  masti**— 
tion,  an«l  a  l)oue,  supposed  to  be  that  of  the  thigh,  which  was  17  fet^t  in  length.     Th0 
ground  for  75  feet  around  the  spot  where  these  bones  were  discovered  he  asserts  to 
have  been  of  a  different  color  and  substance  from  the  surrounding,  a  differt^nce  whicl'* 
he  attributes  to  the  effects  produced  by  the  rotting  of  the  flesh  of  the  animal.     Som^ 
of  these  bones  were  found  at  a  distance  of  50  leagues  from  the  sea,  and  at  a  grea't 
depth  in  the  earth.     An  account,  so  manifestly  tinctured  by  credulity  and  evincing 
such  entire  ignorance  of  anatomy,  excit^xi  but  little  attention  in  the  scientific  world* 
and  scarce  any  further  notice  of  these  bones  can  bi^  found  for  nearly  thirty  years.^ 
An  Account  of  the  Fossil  Hones  of  the  (Jreat  American  Mammoth,  by  John  Wardf 
M.  D.,  in  Boston  Journal  of  Philosoi)hy,  I,  1823-24,  pi).  263,264. 
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hered,  recognized  this  fall  line,  though  it  does  not  appear  that  he  put 
alike  interpretation  upon  the  phenomenon. 

At  this  date,  it  is  well  to  note,  none  of  the  sciences  were  taught  in 
the  colleges  and  other  institutions  of  learning  in  America.  Indeed, 
the  j^eneral  trend  of  public  opinion  was  decidedly  against  the  study  of 

ijeoloijy  or  the  investisration  of  any  question  which 
Beiriunin  siiumui     miifht  lead  to  the  discovery  of  supposed  inconsisten- 

itVale  1802.  ^  i  i 

cies  in  the  Mosaic  account  of  creation  or  to  conclusions 

in  any  degree  out  of  harmony  therewith.     The  movement,  therefore, 

by  Profe.ssor  Dwight  in  1798  toward  the  establishment  in  Yale  College 

of  a  department  for  the  teaching  of  these  subjects,  was  of  the  greatest 

ini|)ortance  and  of  far-reac»hing  consequences.     This  movement  eul- 

niinated  in  1802  with  the  appointment  of  Benjamin  Silliman  to  the 

professorship  of  chemistry  and  natural  science  in  that  institution. 

Silliman  was  at  that  time  about  twenty-two  3'ears  of  age,  only  recently 

admitted  to  the  bar,  and  was  serving  as  a  tutor  in  law,  with  not  even 

the  raost  rudimentary  knowledge  of  the  science  he  was  to  teacii.     He 

wrote: 

The  appointment  was  of  course  the  cause  of  wonder  to  all  and  of  cavil  to  political 
enemiej?  of  the  college.  Although  I  persevered  in  my  legal  studies  *  *  *  i  goon 
after  the  confidential  communication  of  President  Dvvi^ht  [informing  him  of  his 
I'roliahle  appointment]  obtained  a  few  books  on  chemistry  and  kept  them  secludeti 
ill  my  secretary,  occasionally  reading  in  them  pnvately.  This  reading  did  not  profit 
iHe  much.  Some  general  principles  were  intelligible,  but  it  became  at  once  obvious 
to  me  that  to  see  and  perform  experiments  and  to  l)ecome  familiar  with  many  sub- 
stances was  indispensable  to  any  progress  in  cheniistry,  and  of  course  I  must  resort 
to  Phila^lelphia,  which  presented  more  advantage  to  science  than  any  other  place  in 
oori-ountry.^ 

To  Philadelphia  he  accordingly  went  in  the  autumn  of  1802,  remain- 
ing for  nearly  five  months  attending  the  lectures  on  chemistr}'  given 
^vDr.  James  Woodhouse  in  the  Medical  School- of  Philadelphia.  His 
«wn  first  lecture  at  Yale  was  delivered  April  4,  1S04,  while  in  his 
tweuty-fifth  year,  in  a  room  in  Mr.  Tuttle's  building  on  Chapel  .street. 

Few  geological  papers  bear  Silliman-s  name,  and  he  is  better  known 
^^  a  teacher  and  public  lecturer.  That  which,  however,  has  tended 
niore  than  anything  else  to  keep  him  in  constant  remembrance  is  his 
American  Journal  of  Science,  founded  in  1818,  some  eight  years  after 
the  suspension  of  the  American  Journal  of  Mineralogy,  to  be  noted 
'{Iter.  The  publication  has  continued  down  to  the  present  day,  and  it 
i*^  therefore  one  of  the  oldest  and  perhaps  the  most  important  geo- 
I'^gicai  periodi(*al  extant  in  America. 

'Silliman  resigned  his  professorship  in  1841*  and  died  on  Decem])er 
-4. 1SH4,  having  through  his  ow^n  efforts  as  a  teacher,  but  more  par- 
ticularly through  his  personal  influence  as  a  w^riter  and  lecturer,  prob- 
*My  done  more  to  advance  the  science  of  geology  than  any  nnm  of 
nis  day.     Nevertheless,  looking  down  the  vista  of  a  hundred  years  of 

«G.  P.  Fisher,  Life  of  B.  Silliman.     New  York,  1866. 
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advancement,  the  spectacle  of  this  young  lawyer  secluding  in  his  desk 
sundry  books  which  he  read  privatel}^  in  order  to  fit  himself  for  the 
position  of  a  professorship  in  Yale  is  edifying  to  say  the  least. 

On  January  1,  18(X),  the  Connecticut  Academy  of  Sciences  had 
addressed  a  circular  letter  to  every  town  in  the.  State,  containing  sub- 
jects of  inquiry  arranged  under  thirt3^-two  distinct  heads,  and  request- 

incf  answers.  To  the  fifth  of  these  inquiries  Silliman 
MinerakMry  of  New     responded  in  180()  With  a  sketch  of  the  mineralogy  of 

the  town  of  New  Haven.  This  was  published  in  the 
Transactions  of  the  Society  in  1810,  and  is  of  interest  as  being  the 
first  attempt  at  a  geological  description  of  the  region,  as  well  as  being 
Silliman's  first  attempt  at  a  geological  surve}'. 

With  much  laborious  argument  he  showed  that  the  town  of  New 
Haven  is  itself  situated  on  an  alluvial  plain.  East  Rock  he  described 
as  a  whinstone,  tmp,  or  basalt,  identical  with  that  from  the  Salisbury 
Craig  near  Edinburgh,  Scotland. 

The  stone  is  reckoned  among  the  argillaceous  clays  by  some  mineralogists  and  by 
others  among  the  siliceous.  The  predominant  ingredient  is  certainly  silex  or  flinty 
earth,  although  when  breathed  \i\yon  it  emits  the  t«mell  of  clay,  which  would  induce 
one  to  refer  it  to  the  argillaceous  family. 

He  would  account  for  its  presence  on  the  supposition  that  it  had— 

actually  been  melted  in  the  bowels  of  the  earth  and  ejected  among  the  superior 
strata  by  the  force  of  subterraneous  fire,  but  never  erupted  like  lava,  cooling  under 
the  pressure  of  the  su perineum l)ent  strata  and  therefore  compact  or  nonvesicular,  its 
present  form  being  due  to  erosion. 

Thus,  at  this  early  date  and  with  a  very  limited  amount  of  experi- 
ence, Silliman  was  able  to  discriminate  between  effusive  and  deep- 
seated  rocks.  The  rock  resting  upon  the  sandstone  to  the  southeast 
of  East  Rock  he  found  somewhat  puzzling.  "  We  must  pronounce  it 
granitic,  although  it  is  not  a  granite,  and  inclined  to  whin,  although  it 
is  not  a  whinstone,"  he  wrote,  finally  concluding  that  it  formed  a  con- 
necting link  between  granite  and  whinstone.  Pine  Rock  and  West 
Rock  were  also  identified  as  whin  rock  and  basalt  resting  upon  sand- 
stone. Quartz  and  sandstone  found  at  Westlield  and  at  the  Derby 
pike  were  referred  to  as  "'micaciou.s  and  magnesian  schistus."  He 
modestly  concluded  his  paper  by  adding: 

If  there  are  errors  (in  the  above)  they  are  not  the  result  of  indolent  and  remiss 
inquiry,  but  of  deficient  information  or  erroneous  judgment. 

In  these  same  Transactions,  under  date  of  1808,  Silliman,  in  conjunc- 
tion with  Professor  Kingslev,  gave  a  very  full  account  of  the  meteor- 
ite that  fell  in  Weston,  Connecticut,  the  year  previous.     This  was  the 

first  really  scientiric  description  of  the  phenomena 
Meteofite?^808.        attending  the  faN  of  one  of  these  bodies,  as  well  as  of 

its  mineral  nature,  that  had,  up  to  that  time,  beea 
given  in  America,  and  it  attracted  widespread  attention.  It  was  thia 
account  concerning  which  Jefferson  is  said  to  have  remarked:  "It  is 
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easier  to  believe  that  two  Yankee  professors  will  lie  than  to  admit  that 

stones  can  fall  from  heaven.'''' 

A  pudory  duodecimo  volume  of  some  500  pages,  from  the  pen  of  a 

Dr.  James  Mease,  and  bearing  the  date  1807,  mav  be  mentioned  here, 

not  so  much  on  account  of  the  scientific  value  of  its  contents  as  the 

pretentiousness  of  its  title:  A  Geoloffio^l  Account  of 

Accoantof  the  the  United  States,  Comprehending  a  short  Description 

of  their  Animal,  Vegetable,  and  Mineral  Productions, 
Antiquities,  and  Curiosities.     The  portion  really  geological  comprises 
some  30  pages,  though  25  more  are  given  up  to  a  catalogue  of  minerals. 
The  geological  part  is  acknowledgedly  a  compilation  from  the  writings 
of  Volney,    Mitchill,  and  others.     The   country  is   divided   into  (1) 
granitic  region,  (2)  region  of  sandstone,  (3)  calcareous  region,  (4) 
region  of  sea  sand,  and  (5)  region  of  river  alluvions,  the  boundaries  of 
each  of  which  are  given  in  some  detail.     The  truly  scientific  character 
of  the  work  is  shown  by  the  following  quotation  taken  from  a  descrip- 
tion of  the  narrows  of  the  Connecticut  River. 

No  living  creature  was  ever  known  to  pass  through  this  narrow  except  an  Indian 
woman,  who  was  in  a  canoe,  attempting  to  cross  the  river  above  it,  but  carelessly  suf- 
fered herself  to  fall  within  the  power  of  the  current.  Perceiving  her  danger  she  took 
alK)ttle  of  nun  she  had  with  her  and  drank  the  whole  of  it;  then  lay  down  in  her 
canoe  to  meet  her  dt^stiny.  She  marvelously  went  through  safely,  and  was  taken  out 
of  the  canoe  some  miles  below  quite  intoxicated. 

The  year  1809  must  ever  be  notable  in  the  history  of  American  geol- 
ogy, .since  it  brought  forth  Maclure's  Observations  on  the  Geology  of 
the  United  States,  with  a  colored  geological  map  of  the  region  east  of 

the  Mississippi.  With  the  exception  of  Giittard's 
gjojgyof  the  mineralogical  map  of  Louisiana  and  Canada,  published 

in  1752,  it  was  the  earliest  attempt  at  a  geological  map 
of  America,  and  has  caused  its  author  to  become  known  as  the  father 
of  American  geology  and  the  William  Smith  of  America/ 

Maclure's  personal  history  is  not  without  interest  in  itself,  and  is 
Worth V  of  note  here  on  account  of  his  relation  to  American  science  and 
as  illustrating  the  conditions  under  which  a  man  at  that  date  could  rise 
to  prominence  in  geological  circles  with  little  or  no  preliminary  training. 

*G.  Brown  Gowle,  Beginnings  of  American  Science.  This  writer,  however,  dis- 
^^^edits  the  authenticity  of  thq  report,  regarding  it  one  of  the  millions  of  slanders  to 
vhich  Jefferson  was  subjected  in  those  days. 

^See  article  by  J.  W.  Judd,  Geological  Magazine,  London,  October,  1897,  for  account 
of  Smith's  work.  What  is  believed  by  Professor  Judd  to  be  actually  the  first  geo- 
lojncal  map  in  existence  is  one  of  Smith's,  published  in  1799.  This  bears  the  follow- 
u»g  title:  A  map  of  five  mites  around  the  City  of  Bath  (Englan<l),  on  a  j^cale  of  one 
^  and  a  half  to  the  mile,  from  an  actual  survey,  including  all  the  new  roads,  with 
^IteratioDS  and  improvements  to  the  present  time  (1799),  printed  for  and  sold  by  A. 
Ttylor  and  W.  Moyier,  booksellers,  Bath. 

The  map  by  Cuvier  and  Brongniart  of  the  environs  of  Paris  bears  the  date  of  1809, 
which  is  the  same  as  that  of  the  first  edition  of  MacUure's. 
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He  was  born  at  Ayr,  Scotland,  in  1703,  and  first  came  to  America  ) 
at  the  age  of  nineteen,  with  a  view  to  mercantile  employment,  subse- 
quently returning  to  London,  where  he  commenced  his  career  of  com- 
mercial enterprise  as  a  partner  in  the  house  of  Miller,  Hart  &  Co.  Ho 
seems  to  have  been  remarkably  successful,  and  accumulated  a  consider- 
able fortune.  In  1796  he  again  visited  Americji  and,  it  is  stated,  took 
the  necessar\'  steps  for  becoming  an  American  citizen. 

He  was  a  libeml  patron  of  science,  and  for  twenty-two  years,  begin- 
ning with  l)ecem))er,  1817,  was  president  of  the  Philadelphia  Academy 
of  Natunil  Sciences,  to  which  institution  he  subsequently  donated  his 
valuable  private  library  and  some  $20,000  in  money. 

After  retiring  from  business,  and  prior  to  1809,  Maclure  spent  sev- 
eral years  in  England  and  on  the  continent  of  F^urope,  traversing  the 
most  interesting  portions  of  the  Old  World  from  the  Mediternine^n 
Sea  to  the  Baltic  and  from  the  British  Isles  to  Bohemia.  On  return- 
ing to  America  he  took  up  the  imix>rtant  enterprise,  noted  above,  of 
preparing  a  geological  map  of  the  United  States.  To  accomplish  this, 
in  the  language  of  his  biographer:. 

He  wont  forth  with  his  hammer  in  hand  and  his  wallet  on  his  shoalder,  parsuing 
hin  researohes  in  every  direction,  often  amid  pathlef<s  tracts  and  dreary  solitade^, 
until  he  had  crossed  and  rccronse*!  the  Allegheny  Mountains  uoleas  than  fifty  time?. 
He  encounterini  all  the  privations  of  hunger,  thirst,  fatigue,  and  ezpaenre,  month 
after  month  and  year  after  year,  until  his  indomitable  spirit  had  conquered  every 
difficulty  and  crowned  his  enterprise  with  succtess. 

Like  several  of  the  scientists  of  his  time,  Maclure  in  1824  Ijecame 
interested  in  the  communistic  society  at  New  Ilarmon^^  Indiana, 
founded  I)}-  thw  elder  Owen.  He  was,  however,  seriously  disappointed 
in  the  outcome  and  withdrew  about  1827. 

It  was,  presumably,  during  his  connection  with  this  association  that 
he  is  quoted  as  refusing  to  invest  money  in  real  estate  in  the  city  of 
Pliiladeli)hia,  saying: 

Land  in  the  cities  can  no  longer  rise  in  value.  The  communistic  society  must  pre- 
vail,  and  in  the  course  of  a  few  years  Phila<leli)hia  must  Ik?  deserterl;  those  who  liv*^ 
long  enough  may  come  hack  here  and  set»  the  foxes  KK)king  out  of  the  windows. 

Opinions  like  this  and  those  which  follow  are  (juoted  here,  not  fox* 
the  purpose  of  lu^littling  Maclure  in  the  least,  but  as  showing  hov^*^ 
ini])()ssible  it  was  at  that  time  for  any  man  to  realize  all  that  was  ii^ 
store  for  the  United  States. 

The  possibilities  of  railroad  transportation  were  scarcely  dreamer* 
of,  and  mountain  barriers  and  des(»rt  i)lains  were  looked  upon  Jis  natii' 
ral  l)oundaries  l)etween  various  peoples.  From  an  examination  o^ 
maps  of  the  TnittHl  States,  Maclure  was  inclined  to  divide  th(»  countrV 
into  three  distinct  and  separate  parts,  differing  materially  from  eact* 
other  in  theii'  relative  situation  and  in  their  means  of  communicatiod 
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with  the  rest  of  the  globe.  The  natural  line  of  separation  l)etwecn  the 
two  main  divisions  was  that  formed  by  the  Allegheny  Mountains, 
which,  from  the  poorness  of  the  soil  and  the  ditKeulty  of  access  to 
market,  he  regarded  as  probably  the  last  portion  of  the  continent  to 
become  thickly  inhabited. 

To  the  west  of  this  range  was  the  Mississippi  basin,  which,  in  his 
view,  was  destined,  on  account  of  climate  and  soil,  to  become  a  coun- 
try of  immense  agricultural  capabilities.  Traversed  by  only  one  great 
river,  which  is  practically  inaccessible  to  large  ships  of  war,  this  sec- 
tion, inclosed  by  the  Alleghenies  on  the  cast,  the  Rockies  on  the  west, 
and  the  Lakes  at  the  north,  he  felt  to  be  guarded  against  invasion  by  the 
comparative  weakness  of  their  mountain  neighbors  and  the  impossi- 
bility of  attack  by  sea.  It  would  therefore  be  given  over  to  a  nation 
t-  of  agriculturalists,  the  rulers  of  which  would  by  nature  be  deprived  of 
even  an  excuse  for  keeping  either  a  fleet  or  army  such  as  had  in  the 
past  always  brought  about  the  ruin  of  free  and  equal  representative 
governments. 

He  wrote: 

On  this  earth  or  in  the  page  of  history  it  is  probable  no  place  can  Ih»  found  of  the 
fiame  extent  so  well  calculated  to  perpetuate  a  free  and  equal  representative  govern- 
ment as  the  basin  of  the  Mississippi,  both  from  its  physical  a<lvantages  and  the 
Nitical  constitutions  on  which  the  state  of  societv  is  bottomed. 

The  people  of  the  Atlantic  slope,  he  felt,  would,  however,  lal)or 
under  entirelv  different  conditions.     Placed  on  an  extensive  coast, 
*cce.ssible  at  all  points,  with  numerous  rivers,  they  were  liable  to  the 
;  depredations  of  a  superior  fleet  and  would  natunilly  become  a  military 
people  and  involved  in  wars  with  European  nations. 

Maclure's  observations,  as  already  noted,  were  made  in  almost  every 

State  and  Territorv  in  the  Union,  from  the  river  St.  Lawrence  to  the 

Gulf  of  Mexico,  and  the  memoir  which  eml)races  the  accumulated 

facts  was  submitted  to  the  American  Philosophical  Society  and  printed 

in  their  Transactions  in  1801*.     The  map  of  this  issue  is  interestinj»; 

not  alone  for  its  geological  coloring,  but  as  showing  the  paucity  of 

knowledge  regarding  the  physical  features  of  the  continent.    (See  Plate 

1.)    Thus,  a  continuous  range  of  mountains  was  figured  as  extending 

from  northern  Maine,  along  its  western  boundary,  through  eastnn 

Vennont,  western  Massachusetts,  across  southeast  New  York  and  N(»w 

Jersey  to  Penns3^1vania.     More  or  less  parallel  ranges  were  figured  as 

extending  down  into  northern  (icorgia,  two  of  which  turn  toward  the 

west,  the  more  northerly  of  these  terminating  on  the  Ohio  River  just 

ea.st  of  the  Tennessee,  and  the  other  forming  the  divide  between  the 

Tennessee  and  the  headwaters  of   the  Tombigbee  River.     This  last 

feature  was,  however,  dropped  out  of  the  second  issue,  published 

in  1817. 
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The  classification  of  the  geological  f  oimations  a^  adopted  by  MacluPB 
in  the  later  issue  and  as  given  below,  was  naturally  largely  Wernerian: 

Class  I.  Primitive  rocks, 

(Sienna  brown.) 

(1)  Granijx?,  (2)  Gneiss,  (3)  Mic»  slate,  (4)  Clay  slate,  (5)  Primitive  limestone, 
(6)  Primitive  trap,  (7)  Sen>entine,  (8)  Porphyry,  (9)  Sienite,  (10)  Topaz-rock,  (11) 
Quartz-rock,  (12)  Primitive  flinty  slate,  (13)  Primitive  gypsum,  (14)  White  stone. 

Class  II.   Transition  rocks. 

(Carmine.) 

(1)  Transition  limestone,  (2)  Transition  trap,  (3)  Graywacke,  (4)  Transition  flinty 
slate,  (5)  Transition  gypsum. 

Class  III.  Fhetz  or  seamdary  rocks. 

(LiRht  blue.) 

(1)  {<lark  blue)  Old  red  sjindstone,  or  First  sandstone  formation,  (2)  First  oroide^  j 
Fhxjtz-limestone,  (3)  First  or  (►Idest  Floetz  gypsum,  (4)  Second  or  variegated  sand 
stone,  (5)  Second  Floetz  gypsum,  (6)  Second  Floetz  limestone,  (7)  Third  Floeti  : 
sandstone,  (8)  Rocksalt  formation,  (9)  Chalk  formation,  (10)  Floetz  trap  formation,  ! 
(11)  Independent  coal  formation,  (12)  Newest  Floetz  trap  formation. 

Class  IV.  Alhirial  rocks. 
(Yellow.) 

(1)  Peat,  (2)  Sand  and  gravel,  (3)  Loam,  (4)  Bog  iron  ore,  (5)  Nagel-fluh,  (6)  Calc 
tuff,  (7)  Calc  sinter. 

His  alluvial  class,  it  will  be  observed,  occupied  that  portion  of  the 
Atlantic  bord(»r  beo;inning  with  Long  Island  and  extending  southward 
an<l  westward  to  the  western  Louisiana  line,  comprising  the  beds  now 
mapped  l)y  the  U.  8.  (reological  Survey  as  in  part  Cretaceous,  but 
mainly  Tertiary  and  Quaternary,  and  forming  what  i.s  known,  from 
a  physiographic  standpoint,  as  the  Coastal  Plain.  The  materials 
were  described  as  mainly  sands  and  days,  with  considerable  beds  of 
.sh(?ll  deposits,  and  in  New  Jersey  a  greenish-blue  marl  (the  Cretaceous 
glauconitic  marls  of  recent  workers),  used  as  a  manure.  There  were 
also  noted  de])osits  of  iron  ore  and  ochre.  His  Primitive  Class  was 
essentially  the  area  mapped  as  Archean  on  the  latest  IT.  S.  Geological 
Surv(\v  maps;  the  Transition,  the  narrow  belt  of  sedimeiitaries  along 
the  A})palachian  range  including  the  various  horizons  from  Algonkiiin 
to  Carboniferous;  and  the  Secondary  class,  all  that  area  to  the  west 
now  known  to  be  occu])ied  mainlv  hv  Carboniferous  and  Silurian  rocks 
with  smaller  areas  of  Algonkian  and  Cambrian.  The  red-brown  sand- 
stones (Triassi(!)  of  the  Eastern  States  were  classed  as  Floetz  or  Sec- 
ondarv  and  called  Old  Red  Sandstone.     This  sandstone  he  however 

ft- 

separated  by  a  deeper  blue  in  the  1818  issue  from  the  secondary  rocks 
on  the  western  side  of  the  range,  })ecauvse  of  its  having  a  slight  dip 
and  agreeing,  in  the  absence  of  organic  remains  and  its  relative  posi- 
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tion  on  the  sides  of  many  mountain  ranpfes,  with  his  Transition  rocks. 
■  To  the  Transition  beds  he  evidently  referred  all  the  crystalline  lime- 
I  stones  and  dolomites  (marbles)  of  western  New  England  and  the 
'  Southern  States,  together  with  quartzites  and  graywackes.  The  roof- 
[  kg  slates,  now  regarded  as  of  Cambrian  and  Silurian  ages,  he  classed 
I  as  secondary.  The  line  between  the  Primitiv^e  and  Transition  may 
I  ** perhaps  be  marked  by  the  presence  or  absence  of  organic  remains, 
or  of  aggregates  of  rounded  particles  the  result  of  former  decomposi- 
tion, in  part,  by  the  more  or  less  crystalline  texture  and  its  approach 
toward  deposition." 

To  the  northwest  of  the  Transition  belt  lies  an  immense  area  of  sec- 
ondary rocks,  comprising,  as  above  noted,  the  horizontal  limestones  and 
slates  skirting  Lake  Champlain  about  Ticonderoga  and  Crown  Point. 
There  are  also  '*•  immense  beds  of  secondary  limestones,  of  all  shades 
from  a  light  blue  to  black,  intercepted  in  some  places  by  extensive 
tracts  of  sandstone  and  other  secondary  aggregates,"  which  ''appear 
to  constitute  the  foundation  of  this  formation,  on  which  reposes  the 
^reat  and  valuable  coal  formation,"  which  '' extends  from  the  head- 
waters of  the  Ohio  in  Pennsylvania,  with  some  interruption,  all  the 
way  to  the  waters  of  the  Tombigbee."     He  noted  that  along  the  south- 
east l)oundaries  of  this  formation,  as  on  the  fork  of  the  Holston  in 
Virginia  and  in  Greene  County  and  the  Pigeon  River  region  of  Ten- 
nessee, gypsum,  salt  licks,  and  salt  springs  had  been  discovered.     In 
hi.s  first  map  this  is  indicated  by  a  line  of  green  extending  northeast 
and  .southwest  entirely  across  the  State.     In  the  second  he  continues 
it  northeast  to  New  York.     The  continuation  of  these  as  far  north  as 
Lake  Oneida,  in  New  York  State,  led  him  to  the  conclusion,  since 
abundantly  verified,  that  ''we  may  hope  one  day  to  find  an  abundance 
of  those  two  most  useful  substances  (salt  and  gypsum),  which  are 
generally  found  mixed  or  near  each  other  in  all  countries  that  have 
hitherto  been  carefully  examined."     He  called  attention  to  the  pres- 
ence of  iron  pyrites  in  the  coal  and  limestone,  of  iron  ores  consisting 
principally  of  brown  sparry  and  clay  iron  stone,  and  of  galena  in  the 
Mississippi  valley.     On  the  Great  Kanawha,  near  the  mouth  of  Elk 
River,  he  noted  the  presence  of  "a  large  mass  of  black  (I  suppose 
vegetable)  earth,  so  soft  as  to  be  penetrated  by  a  pole  K)  or  12  feet 
deep.     Out  of  the  hole  so  made  frequently  issues  a  stream  of  hydrogen 
gas,  which  will  burn  some  time;"  and  he  queried  '*if  a  careful  exami- 
nation of  this  place  would  not  throw  some  light  on  the  formation  of 
coal  and  other  combustible  substances  found  in  such  abundance  in  this 
formation."     The  occurrence  of  large  detached  masses  of  granite  over 
an  area  from  Harmony,  in  Indiana,  to  Erie,  New  York,  and  thence  to 
Fort  Ann,  in  some  cases  at  least  200  miles  from  an}-  known  outcrops, 
was  noted,  but  no  suggestion  made  relative  to  their  probable  means  of 
transportation. 
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In  this  .same  year  S.  Godon  published  in  the  Memoirn  of  the  Ameri- 
can Academy  of  Art^j  and  S<*ienees  a  paper  of  twenty-seven  page:^  on 
Mincmiogical  Observations  made  in  the  environs  of  Boston  in  18(»7 

and  1808. 

Qodon*s 

Aj^neraiofficai  As  customary  at  that  time,  rocks  and  minerals  were 

bunched  together  quite  indiscriminately.  He  divided 
his  minerals  into  two  geneiul  groups,  (1)  Simple  minerals  and  (^) 
Aggregate  minemls.  The  simple  minerals  were  then  divided  into 
Acidiferous  substances  (under  which  was  placed  carbonate  of  lime!), 
Eaithy  substances.  Combustible  substance^j,  and  Metallic  substances. 
The  aggregate  minerals  were  classed  luider  Primordial  soil  and  Alluvial 
deposits.  Under  the  first  mentioned  (Primordial  soil)  were  placed  all 
the  primary  and  consolidated  sedimentary  rocks  of  the  region.  The 
nomenclature  adopted,  though  somewhat  cumbersome  and  awkward, 
was  not  more  so  than  others  since  devised,  the  name  of  any  rock  being 
formed  by  adding  the  termination  oid  to  that  of  the  most  characteris- 
tic mineral.  Thus  amphlMohl^  feldi<paroid^  argillold  were  the  names 
of  rocks  in  which  amphil>ole,  feldspar,  or  clay  foimed  the  chief  con- 
stituent. The  rhyolites  (quartz  porphyries  and  felsites)  of  the  region 
were  classed  as  simple  petrosilex  and  compound  petrosilex  and  the 
Dorchester  conglomerate  as  wacke. 

The  paper  offers  a  striking  evidence  of  the  lack  of  knowledge  of  the 
composition  of  rocks  and  of  chemical  methods  at  that  date.  Thus  an 
attempt  wil<4  made  at  analyzing  the  "argilloid''  by  reducing  1(K)  [larts 
to  a  "•  subtile''  powder  and  mixing  it  with  an  equal  part  of  concentrated 
sulphuric  acid.  After  standing  fifteen  da\'s  the  solid  portion  remain- 
ing was  removed  from  the  solution  (method  not  stated),  washed,  and 
weighed,  whereby  it  was  found  that  85  per  cent  remained.  The  solu- 
tion was  allowed  to  evaporate  to  dryness,  and  from  the  precipitated 
sulphate  of  lime  thus  obtained  it  was  calculated  that  5.5  parts  out  of 
the  15  parts  soluble  were  of  lime.  Alumina  and  iron  were  determined 
by  precii)itati()n  by  ammonia — tJ.To  parts  obtained.  The  liquid  remain- 
ing from  the  alumiiui-iron  filtr.ite  was  then  dried  and  heated  till  the 
ammonia  was  driv(»n  off,  the  substance  left  dissolved  in  water  aud 
allowed  to  crystallize,  producing  an  admixture  of  '*  well  characterized 
sul|)hate  of  potjish  and  sulphate  of  soda.''  -'  This  analysis,''  while  con- 
f(»ssedly  not  of  great  accuracy,  he  wrote,  ''  L**  sufficient  to  establish  the 
imi)ort4uit  fact  of  the  existence  of  |K)tasli  and  soda  as  elements  in  some 
rocks  in  this  part  of  the  world."    Truly  an  important  discovery! 

In  the  sjune  memoirs  and  this  same  year  Prof .  Parker  Cleaveland, of 
Bowdoin  Oollege,  perhaps  all  imintentionally,  started  the  controvensy 
relative  to  (ilacial  and  post-(ilacial  uplift  and  depression  by  announ- 
cing the  finding  of  fossil  shells  belonging  to  genera  still  living  in 
dep(jsits  of  sand  and  clay  well  alK)ve  sea  level  at  Brunswick,  Maine. 
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laauar}',  181U,  there  was  eatablitihed  bj  Prof.  Archibald  Bruce 
iierican  Mineralogical  Journal,  the  first  American  publication 
led  primarily  for  geologists  and  mineralogists.  The  life  of  this 
journal  was,  however,  short,  the  last  issue  bearing  the 
■Kicai  dat«  of  1814,  and  the  whole  number  comprising  but 

270  pages. 

first  paper  was  by  Samuel  L.  Mitchill,  professor  of  natural  bis- 
nd  botany  in  the  University  of  the  State  of  New  York,  This 
ted  of  an  annotated  catalogue  accompanying  a  suite  of  mineral 
nens  made  during  a  tour  to  Niagara  in  1809. 
ong  the  other  papers  which  followed  mention  may  lie  made  of 
p  Colonel  Gibbs  on  the  Iron  Ores  of  Fraiiconia,  New  Hampshire; 
njamin  Silliman  on  the  Lead  Mines  near  Northampton,  Massa- 
its;  by  James  Catbuah  on  the  Blue  Earth  of  New  Jersey,  and  by 
eade  on  Elastic  Marble,  a  "fossil  of 
occurrence"  found  near  Pittsfield, 
kchufietts. 

!  more  important  strictly  gi-ological 
s  were  by  Dr.  Samuel  Akerly  and 
led  a  geological  account  of  Dutchess 
:y  in  New  York,  one  on  the  improba- 

of  finding  coat  on  Long  Island  or  in 
cinity  of  New  York,  and  one  on  the 
vy  and  mineralogy  of  the  island  of 
York.  Akerly  described  the  high- 
of  Dutchess  Countj'  as  consisting  of 
tic  rocks,  and  the  whole  country  north 
■■  highlands  as  underlaid  with  primitive 
most  of  the  hills  lieing  composed  of 
tone.  New  York  Island  was  described  as  underlaid  throughout 
rtbern  part  by  primitive  rocks,  granite,  and  limestone;  the  south- 
art,  upon  which  the  then  existing  city  was  built,  as  composed  of 
urion  of  sand,  stone,  and  rocks.  This  he  regarded  as  a  recent 
it  "subsequeot  to  the  creation  and  even  the  deluge."  The  man- 
1  which  this  alluvial  material  was  deposited  he  descriljed  as 
rs: 

r  the  waters  of  the  Deluge  had  retired  from  tliia  ixintiaent,  tliey  left  a  vast 
>f  lakes,  some  of  which  are  otill  confined  within  their  ro<^kj-  barriers;  others 
ince  broken  their  txiunds  and  united  witli  the  otean.  The  hijthlaiidH  of 
ork  was  the  southern  boundary  of  a  liuge  t^ollet'tion  of  water,  which  was  con- 
n  the  weat  by  the  Shawangunli  and  Katts-kill  mounlainf>.  The  hills  on  the 
the  Hudson  confined  it  there.  When  the  hills  were  cleft  and  the  mountains 
lODder,  the  water  found  vent  and  overflowed  the  country  to  the  south.  It 
en  that  the  chsimel  of  the  Hudxon  wae  formed,  and  its  Htreani  has  never 
•aeed  lo  flow.  The  earth,  sand,  f^toiies,  and  roi'ks  brought  down  by  this  tor- 
?pe  deposited  in  varions  placef",  an  on  this  inland,  Long  Island,  Staten  Island, 
t  leiteyt.     This  opinion  i^  mostly  liypothetical,  because  unsupported  by  a 


—Archibald  Brace 
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sufficient  number  of  facte,  but  that  it  is  probable  may  be  judged  by  what  follows. 
(See  Mitchiirs  views  on  p.  231.) 

In  the  same  journal  Samuel  Brown,  of  Lexington,  Kentucky,  gave  a 
description  of  a  cave  on  Crooked  Creek,  with  remarks  and  observa- 
tions on  niter  and  gunpowder;  Robert  Gilmore,  a  descriptive  cata- 
logue of  minerals  occurring  in  the  vicinity  of  Baltimore;  while  S.  L. 
Mitchill  proposed  an  amendment  to  Maclure's  chart  of  the  United 
States  so  far  as  it  related  to  the  character  of  the  north  side  of  Long 
Island,  which  he  showed  to  be  alluvial  and  not  primitive,  as  stated, 
and  Benjamin  Silliman  described  the  plain  of  New  Haven  as  wholly 
alluvial  and  of  very  recent  origin.  This  paper  is  evidently  a  partial 
reprint  of  one  offered  l^efore  the  Connecticut  Academy  of  Sciences 
in  1810  and  referred  to  elsewhere  (p.  216). 

A  paper  by  J.  Corre  de  Serra,  the  Portuguese  minister  then  resid- 
ing in  Philadelphia,  read  before  the  American  Philosophical  Society 
in  1815,  and  published  in  their  Transactions  in  1818,  is  of  Intercast  as 
showing  the  condition  of  knowledge  relative  to  so  commonplace  a 
phenomenon  as  that  of  rock  weathering  and  formation  of  soils.  His 
paper  was  entitled  Observations  and  Conjectures  on  the  Formation 
and  Nature  of  the  Soil  in  Kentuck\\  He  regarded  this  soil  as  the 
product  "of  the  decomposition  of  an  immense  deposit  of  vegetables 
which  the  ocean  had  left  uncovered  by  any  other  deposition." 

It  ma}^  be  remembered  that  Jefferson,  in  his  notes  on  the  State  of 
Virginia,  had  described  in  considerable  detail  and  very  eloquently  the 
now  well-known  Natural  Bridge  of    Rockbridge  County,  which  he 

regarded  as  spanning  a  gigantic  fissure,  the  result  of 
ideas  on  the  some  great  convulsion.     In  the   Iransactions  of  the 

Natural  Bridge.  .  ,  _^,  .,  ,,      ,^       ,  ^       ^    ^  %  /^  ^^  ^\  t-y  • 

American  rhilosophical  hociety  tor  181b  (1818)  r  rancis 
William  Gilmer  had  a  paper  on  the  same  subject,  illustrated  by  a  full- 
page  plate.  The  bridge  was  described  in  detail  and  its  formation 
ascribed,  not  to  a  sudden  convulsion,  as  argued  by  Jefferson,  or  to 
any  extraordinarih^  sudden  deviation  from  the  ordinary  laws  of  nature, 
'  but  to  the  "very  slow  operation  of  causes  which  have  always  and 
must  ever  continue  to  act  in  the  same  manner."  This  cause  he  rightly 
considered  to  be  the  solvent  action  of  meteoric  waters  on  limestone. 
In  this  respect  Gilmer,  although  scarcely  known  to  geological  science, 
was  vastly  in  advance  of  the  workers  of  his  dav. 

Three  years  later  the  Rev.  Elias  Cornelius,  a  man  of  education  and 
culture,  but  whose  professional  training  seems  to  have  quite  unfitted 
him  for  the  work  of  a  geologist,  also  discussed  the  subject  in  a  paper 

in  the  American  Journal  of  Science,  giving  the  results 

Vlewsofthe  ^i  .        i  ^.  .i  i  i?  ^        *.  tt-       .    . 

Rev.  E.  Cornelius,     of  his  observations  on  the  geology  of  parts  of  Virginia, 

Tennessee,  and  the  Alabama  and  Mississippi  territo- 
ries. He  dissented  from  any  of  the  views  thus  far  expressed,  and  in 
the  sublimity  of  his  faith  could  see  no  good  reason,  or  in  his  own 
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M'ords,  no  ** difficulty  even  in  supposing  it  (i.  e.,  the  bridge)  to  have 
proceeded  from  the  hand  of  the  Almighty  as  it  is." 

Next  to  Maclure's  Observations  on  the  Geology  of  North  America, 
undoubtedly  the  most  important  of  the  early  publications  was  Parker 
Cleaveland's  Elementary  Treatise  on  Mineralogy  and  Geology,  a  work 

of  upward  of  six  hundred  pages,  with  five  plates  of 
i*  crystal  drawings  and  a  colored  geological  map. 

RiS*  Fpr  most  of  the  geological  observations  and  for  the 

map  Cleaveland  was  indebted  to  Maclure  and  to  writ- 
ten communications  from  H.  H.  Ha3'den.    The  principal  variation 
from  Maclure's  map  lay  in  the  adoption  of  the  suggestion  of  S.  L. 
Mitchill  regarding  the  extension  of  the  alluvial  deposits  on  Long  Island. 
It  further  diflfered  from  that  published  by  Maclure  in  1817  in  that  a 
large  portion  of  southern  and  western  Maine  was  colored  as  occupied 
by  transition  rocks,  this  area  having  been  left  blank  by  Maclure. 

The  classification  adopted  in  the  work  was  largely  chemical,  the 
minerals  being  divided  into  (1)  classes,  (2)  orders,  (3)  genera,  and  (4) 
species,  his  definition  of  species  being  ''a  collection  of  materials 
which  are  composed  of  the  same  ingredients,  combined  in  the  same 
proportions." 

In  the  tabular  view  given,  all  known  minerals  were  grouped  under 
four  classes,  as  follows:  Class  1,  substances  not  metallic,  composed 
entirely  or  in  part  of  an  acid;  class  2,  earthy  compounds  or  stones; 
class  3,  combustibles,  and  class  4,  ores.  As  was  the  case  with  all 
writers  of  that  day,  basalt  and  several  other  compact  rocks  of  indis- 
tinct mineralogical  nature  were  classed  as  minenils.  Thus  is  found 
under  class  2,  species  Ib^porcelhinlte;  species  10,  silicon  s/afc;  species 
32,  emeralds  and  species  34,  basalt.  This  last  was  described  as  never 
crystallized  but  occurring  "in  large  amorphous  masses,  but  also  under 
a  columnar,  tabular,  or  globular  form"  and  passing  insensibly  into 
^'greenstone,  wacke,  and  perhaps  clinkstone." 

Not  only  was  the  mineralogical  nature  of  Imsalt  little  understood, 
but  even  its  relationship  to  volcanic  rocks  as  well.  It  was  described 
as  Hometimes  found  in  countries  decidedly  volcanic,  but  seldom  near 
the  craters  of  still  active  volcanoes;  ''on  the  contrary,  it  appears  at 
the  foot  of  volcanic  mountains  and  sometimes  almost  surrounds  them." 
Some  of  the  most  noted  localities  mentioned  are  the  (Tiant'sCausewav, 
bland  of  Staffa,  the  Erzgebirge,  Auvergne,  etc.  Its  occurrence  in 
the  United  States  was  regarded  as  doubtful,  though  he  noted  its 
reported  occurrenceon  the  Stony  (Rocky)  Mountains.  It  was  regarded 
as  of  both  igneous  and  aqueous  origin. 

Anthracite,  which  forms  specie«s  H  under  class  3,  combustibles,  was 
de«c^ril>ed  as  "strongly  resembling  (?W,  from  which,  however,  it 
materially  differs."     It  was  said  to  occur  in  primitive  or  tnuisitional 

Ifocks,  though  sometimes  connected  with  secondary  rocks.     OI)viously , 
VAT  HUB  1904 15 
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tlu»rofon»,  it  is  .stated,  it  has  not,  at  least  in  many  cases,  resulteci 

the  decomposition  of  vegetable  matter. 

Pages  586  to  636  of  CleAveland's  first  edition  included  an  introd 

to  the  stud}^  of  geolog}'.     Some  of  the  statements  here  made 

interest:  *'  Most  of  those  extensive  masses  of  strata,''  he  wrote, 

which  geology  is  concerned  are  compound  minerals,  or  aggre 

composed  of  two  or  more  simple  minerals  mingled  in  various  p 

tions  and  denominated  rocks."     While  thus  a  division  into  speci- 

genera  may  be  possible  with  minerals,  with  rocks  the  case  is 

different.     ''It  is  obvious  that  thev  can  not  admit  of  distin 

which  are  strictly  specific.''    This  observation  holds  good  to  the 

ent  day.     His  remarks  on  the  position  of  the  beds  of  rocks  we 

less  interesting: 

When  primitive  rocks  are  stratified  the  strata  are  seldom  horizontal, 
contrary,  they  are  often  highly  inclined  and  sometimes  nearly  or  quite  v 
But  whether  these  strata  \ven»  originally  inclined  or  whether,  subsequent  t 
formation,  they  have  been  changed  from  a  horizontal  to  an  inclined  position 
action  of  some  powerful  cause,  is  a  question  on  which  the  most  distinguishecl 
gists  are  divi<led  in  opinion. 

Again: 

It  is  further  evident  that  the  higher  the  level  at  which  an)^  rock  api)ear! 
surface  of  the  earth,  the  older  is  the  nn^k;  for  it  so  declines  as  to  pass  unde 
rocks  which  appear  at  a  lower  level.  The  only  exception  to  this  general  fact  j 
in  those  horizontal  strata  of  secondarv  rocks  which  sometimes  rest  on  the  si 
of  high  mountains. 

The  tlieory  of  the  earth  adopted  by  Cleaveland  is  apparently  t 

Cuvier.     In  his  discussion  of  the  origin  of  rocks  and  geologici 

terns  ho  wits  for  the  most  part  a  follower  of  Werner,  though  he 

nized  some  of  the  difficulties  attendant  upon  the  complete  adopt 

the  Neptunian  theory.     ''Though  its  geneml  outlines  may  be  cc 

we  are  yet  unable  to  give  its  details.     It  seems,  however,  to  be 

encumbered  with  difficulties  than  absolutely  confronted  by  ex 

facts."    His  views  regarding  volcanoes  were  largely  a  reflection  of 

advocated  by  his  European  contemporaries,  and  need  but  brief  all 

Many  parts  of  the  external  crust  of  the  earth  are  subject  to  the  action  of 
raneous  fire.     In  some  cases  these  fires  are  comparatively  mild  and  produce  no 
tant  effects,  excepting  the  destruction  of  the  combustibles  which  feed  them,  j 
nothing  more  than  coal  mines  in  a  state  of  combustion.     But  in  other  ease 
subterraneous  fires  rage  with  resistless  imi>etuosity. 

Cleaveland  was  a  graduate  of  Harvard  in  the  class  of  1799,  an 
in  1805  appointed  to  the  professorship  of  mathematics,  natun 
losophy,  chemistry,  and  mineralogy  in  Bowdoin  College,  Brunj 

Maine.  He  is  described  by  his  biographer  (the 
clSrveiand.  Sillimaii)  as  a  man  of  great  natural  ardor  and  act 

with  a  reputation  for  zeal,  industry,  and  learning 
these  statenu  nts  certainly  no  one  will  take  exception,  when  the  | 
and  magnitude  of  his  work  and  manifold  chamcter  of  his  profe^j 


Pabkeh  Cleaveland. 

ol  CliKmlsltj'  and  MlneraloKV,  Bimdiiin  r. 
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duties  are  taken  into  consideration.  It  must  be  remembered  that  his 
was  the  first  attempt  made  in  America  at  a  systematic  treatise  on  min- 
eralogy. (Shepard's  came  sixteen  and  Dana's  twenty-one  years  later.) 
The  only  available  foreign  works  were  those  of  Jameson,  Kirwan, 
Werner,  and  Brongniart;  moreover,  there  were  in  America  few,  if 
any,  important  mineral  cabinets,  those  of  B.  D.  Perkins,  Archibald 
Bruce,  and  Col.  George  Gibbs  alone  being  worthy  of  mention.  The 
work,  we  are  told,  was  received  with  great  favor,  two  editions  being 
issued,  the  second  in  two  volumes  bearing  date  of  1822.  A  third  was 
called  for  but  never  prepared,  owing  to  the  failing  health  of  the  author/' 

An  interesting  side  light  is  thrown  by  one  of  the  reviewers  of  the 
first  edition  upon  the  condition  of  the  science  at  that  time.  Thus  he 
wrote  of  Hauy's  '*  curious  discoveries  regarding  the  six  primitive  fig- 
ures or  solids  which  form  the  base  of  all  crystals,"  and  called  it  "  the 
most  singular  and  acute  discovery  of  our  age,'"  though  ''there  is  a 
difference  of  opinion  among  minemlogists  as  to  the  practical  use  of 
cry.stallography  in  the  discrimination  of  minerals."  The  same 
reviewer  naively  remarked:  ^*In  this  age  of  bookmaking  it  is  no  small 
negative  praise  if  an  author  be  acquitted  of  unnecessarily  adding  to 
the  onerous  mass  of  books."* 

Not  satisfied  with  his  first  edition,  which,  according  to  Marcou,  was 
published  during  the  author's  absence  in  Europe,  Maclure  immediately 
^t  about  obtaining  the  necessary  information  for  a  revision,  and  in 
«_  1817,  after  eight  years  of  hard  work,  presented  the 

S«Mid  Edition  of  .  .  .  . 

gjgwt'g  amended  memoir,  which  was  republished  in  the  tmns- 

actions  of  the  Philosophical  Society  and  also  in  the 
form  of  a  separate  volume  of  127  pages,  bearing  the  same  date.  The 
^^^nd  issue  differed  considerably  from  the  first,  the  most  conspicu- 
ous features  being  the  delineation  of  the  mountain  ranges  and  the  cor- 
fPction  of  man}'  minor  details  regarding  the  distribution  of  various 
^^logical  formations. 

On  Plate  2  of  this  issue  he  gave  five  sections  aiToss  the  United  States 
from  the  Atlantic,  through  the  Appalachian  regions  and  the  secondary 
•^ks  of  the  Mississippi,  which  were  colored  to  correspond  with  the 

^  In  a  letter  date<l  Madrid,  August  20, 1822,  Maclure  writea  to  Cleaveland  an  follows: 
I  felicitate  you  on  a  second  edition  of  your  mineralogy  being  w  soon  necessary. 
The  mineralogical  professor  here,  Dn.  Donato  (iarcia,  has  the  intention  of  trans- 
acting your  work  into  Spanish  as  the  best  elementary  l>ook  yet  known."  As  to 
whether  or  not  this  intention  was  carrie<l  out,  the  present  writer  has  no  information. 
^The  second  American  work  on  mineralogy  by  one  who  could  with  propriety  be 
•'^Hed  a  mineralogist  and  original  worker  was  Prof.  C.  U.  Shepard's  Treatise  on 
Mineralogy',  Shepard  being  at  that  time  twenty-eight  years  of  age  and  an  assistant  to 
^rofesfior  Silliman  at  New  Haven.  Tlie  work,  whi<;h  was  founded  on  tliat  of  the  well- 
ifnown  Austrian  mineralogist,  Mohs,  appeared  in  the  form  of  a  small  octavo  volume 
'i  256  pages.  In  1835  a  second  j)art  in  two  volumes  of  680  pages  appeared.  Beinjr 
•'irely  mineralogical  in  its  nature,  but  ])assing  not«  can  l)e  made  of  it  hen^  A  second 
Jition  was  issued  in  1844. 
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MK*hciiio  in  the  inai).  (Sec  Plate  5.)  The  first  section  extended  from  | 
Camden  in  Penobscot  Bay,  Maine,  to  Oxboro,  near  Kingston,  on  Luke 
Ontario;  the  second  from  Plymouth,  Massachusetts,  to  Caj^uga  Lake, 
New  York;  the  third  from  Egg  Harbor,  New  Jersey,  to  Pittsburg, 
Pennsylvania;  the  fourth  from  Cape  Henry,  Virginia,  to  Arlington, 
in  the  same  Sbite,  and  the  tifth  from  Cape  Fear,  North  Carolina,  to 
Warm  Springs,  in  the  same  Statt\  The  poverty  of  information  at 
that  time  relative  to  the  Rocky  Mountain  region  is  shown  in  the  state- 
ment that ''  the  tops  of  the  Stony  Mountains  are  covered  to  a  consid- 
erable extent  with  perpetual  snows  and  pendent  glaciers. '' 

As  was  the  case  with  a  majority  of  the  earlier  surveys  and  geological 
text-lx)oks,  considera}>le  attention  was  given  to  the  relation  of  the 
science  to  agricultui'o,  and  the  two  closing  chapters  of  the  second  i^sue 
were  given  up  to  Hints  on  the  Decomposition  of  Rock,  with  an 
Iniiuirv  into  the  Probable  Effects  thev  mav  PiXKluce  on  the  Nature 
and  Fertility  of  Soils.  The  kinds  of  soils  re^^ulting  from  the  decom- 
position of  various  rocks  were  discussed  with  particular  attention  to 
their  physical  nature,  but  while  occasional  references  were  made  to 
their  content  of  lime,  the  alkalies,  and  other  constituents,  no  chemiiftl 
analyscvs  were  given,  nor  was  their  desirability  appai'ently  appreciated. 

It  does  not  seem  to  have  been  realized,  however,  that  throughout 
the  entire  glaciatt^d  area  as  now  known  there  may  be  little  connection 
l»etween  the  soils  and  the  rocks  immcdiatelv  underlvine  them. 

ft  ftr  c7 

During  18 IS.  as  already  n(>t(»d,  there  was  founded  the  American 
Journal  of  Science,  or,  as  it  was  familiarly-  called,  Silliman's  Jour- 
nal, the  first  volume  bearing  on  the  title-page  the  date  1819.     It  is 

notal)le  as  being  the  first  Americ/an  journal  to  be  given 

The  American  i*ii*  ii  i^i 

Journal  of  Science.       up    largely    tO    gcologicul  SubjCCts,  although  othCT  8Cl- 

(uices  were  by  no  means  debarred.  In  fact,  as  noted 
in  his  plan  of  the  work,  the  Journal  was  intended  to  embnu^^  the  circle 
of  the  physical  s(;iences  and  their  applica,tion  to  the  arts  and  to  every 
useful  purpose. 

From  its  earliest  inception  geological  noti»s  and  papers  occupied  a 
prominent  place  in  its  pages,  and  a  perusal  of  the  numbers  from  the 
date  of  issue  down  to  the  present  time  will,  alone,  afford  a  fair  idea  of 
the  gnulual  progress  of  American  geology.  I  shall  note  in  the  follow- 
ing pagtvs  many  articles  taken  from  the  Journal,  particularly  the 
earlier  numbers,  as  serving  best  to  illustrate  the  condition  of  the 
sciiMice  at  the  time  of  their  issue. 

Among  the  earliest  publications  on  the  geology  and  mineralogy  of 
New  England  mcMition  must  l)e  made  of  J.  F.  and  S.  L.  Dana's  Out- 
liiM^s  of  the  Mineralogy  and  (ieology  of  lk)ston  and  Vicinity,  which 

b<Mirstlie(ljif4M»r  1S18,  and  which  is  fuiiher  noteworthy 

Dana's  Geology  and  i-i  *xi  -i-xi 

/i^ineraioffy  off  |or  contjiiiiing  a  geological  map  of  the  vlvqh  mdieatou, 

iM'ing  antvdat(Ml  only  a  year  by  Edward  Hitchcock's 
geological  Jiiap  of  a  part  of  Massachusetts  on  the  Connecticut  River 


'.X    i 
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nd  Uie  various  reprint;*  of  MaclureV.  The  olau.'^itication  adopted  wan 
hat  of  Werner,  and  hence,  of  course,  purely  litholc^ical.  The  various 
■ocks  enumerated  and  colored  on  the  niap  were:  I,  The  Primitive, 
ncludiug  granite.,  argillite,  primitive  trap,  porphyry,  and  syenite;  II. 
rniDsitioD,  including  amygdaloid  and  graywacke;  and  III.  Alluvial, 
ncliiding  sand,  pebblea,  clay,  and  peat.  No  granite  was,  however, 
"Morded  as  in  place,  the  granite  of  Quincy  and  the  ai-ea-i  west  of  north 
)f  Marblehead  being  colored  as  syenite.  The  argillite  was  regarded 
u  the  oldest  rock  occurring  in  the  vicinity,  and  was  represented  as 
fonning  gently  undulating  eminences  in  Charlestown,  Watertown, 
Chelsea,  and  Quincy,  Greenstone,  or  primitive  trap,  was  represented 
u  occupying  all  of  the  Marblehead-Salem  areas  and  large  areas  to  the 
wei^t.  including  8toneham  and  Lexington.  Porphyry,  "a  compound 
ruck  having  a  compact  basis,  in  which  arc  embedded  crystals  or  grains 
of  other  minerals  of  contemporaneous  formation,^'  and  which  passes 
into  both  syenite  and  petrosilex,  they  found 
ia  Maiden,  Lynn,  and  Chelsea,  while  the 
luge  area  beginning  at  the  shore  east  and 
nwth  of  Lynn  and  extending  southwest- 
ward  as  far  as  Maiden,  was  colored  as  petro- 
»ilri.  A  wide  strip,  extending  from  just 
•■est  of  the  Charles  Kiver  to  the  coast,  in- 
eluding  Brookline,  Roxbury,  and  Dorches- 
ter, was  colored  as  graytoacke,  this  being,  of 
«Mirse,  the  conglomerate  of  later  writers. 
On  (he  northern  and  western  edges  of  this 
ire  narrow  belts  colored  ae  amygdaJmd,  the 
sMoe  being  the  rock  later  shown  by  Benton 

tobemeUphyr,  or  ancient  basaltic  lava  flow.        p,o.  i,_8«,ou.i  L,.ih.ri>nn«, 
The  minerals  as  described  were  divided 

ato  Class  I.  Earthy  fossils;  Cla.s.s  II.  Saline  fo.s.sils;  Clas.'^  111. 
Inflaniniable  substances;  and  Class  IV.  Metallick  fossils.  Under 
^Hass  I  were  included  the  phosphates  and  carbonates  of  lime,  quartz, 
'Ufb  silicates  as  mica,  shorl,  feldspar,  garnet,  epidote,  the  aniphi- 
wles,  et£.,  and  such  compound  substances  as  petrosilex,  basalt, 
»acke,  schaalstone,  ai^illaceous  slate,  and  clay.  The  second  clas.s, 
xline  Fossils,  included  but  a  single  species,  sulphate  of  iron.  Class 
III  included  hydrogen  gas  and  peat,  and  Class  IV  sulphides  and 
:hloride8  of  copper,  sulphide,  oxide,  and  carbonate  of  iron,  sulphide 
jf  lead,  and  oxide  of  manganese.  The  classes  were  subdivided  into 
Jrders  and  the  orders  into  genera,  species,  subspecies,  and  varieties. 
ITms  novaculite  was  considered  a  subspecies  of  argillaceous  slate,  a 
'pecies  under  Order  II,  Nonacidiferous  substances  of  Class  I,  Earthy 
ogsils.  Altogether  some  21  species  of  Earthy  fossils  were  recog- 
lited,  1  of  Saline  fossils,  2  of  Inflammable  substances,  and  8  of 
letallick  fossils.    These  were  all  described  in  detail,  their  physic&l 
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(rharac't^r.s  and  conduct  )>eforo  the  blowpipe,  and  their  place  of  occur- 
rence. PerhapiS  no  better  means  of  showing  the  condition  of  the 
science  at  that  time  can  be  found  than  by  reproducing  here  a  page  of 
the  original  descriptive  matter  under  Class  1,  Order  II. 

Species  VII — Wacke. 

Wackts  ClenvehimU  p.  287.  Watnre,  Jamemii,  vol.  1,  p.  37<i.  Wa<*ken,  Kirinn, 
vol.  1,  p.  22:i.     Wakke,  Mkiuy  p.  254. 

External  chanuiern. 

Ita  colours  are  grey  and  jmrple.  Of  grey,  it  occurs  blackish  grey  and  greenish 
grey;  of  purple,  lavender  purple.     The  colours  vary  much  in  their  intensity. 

It  is  dull. 

It  is  auiorplious  and  cellular. 

It  exhales  a  strong  argillaceouH  odour  when  breathe<l  upon. 

It  adheres  to  the  tongue. 

Its  streak  is  greyish  white,  with  a  reddish  purple  tinge  in  some  parts,  and  is  dull. 

It  is  moderately  hard,  passing  to  soft. 

The  fracture  is  from  fine  grained  uneven  to  earthy;  some  sj)ecimens  show  a  slightly 
slatv  structure. 

It  is  brittle. 

It  is  easily  frangible. 

The  fragments  are  indetenninately  angular  and  not  particularly  sharp  edged. 

Its  specifick  gravity  is  al>out  2.88. 

(%Hmic(tl  chnradfTS. 

Before  the  blowpij)e  it  melt^  int  .>  an  ()pa<jue,  semi-vitreous  mass  which  appoars 
porous  when  broken. 

(ieohnjical  sihuttion  and  localities. 

It  occurs  in  beds  in  Petrosilex  at  Milton,  and  forms  the  Imsis  of  Amygdaloid  at 
Brighton,  Ilingham,  Newton,  <&c.,  and  it  is  found  also  in  rounde<i  fragments  at 
Netnlhain,  Newton,  Brighton,  ttc. 

Rnnarks. 

This  mineral  sometimes  much  resembles  ferruginous  clay,  and  is  intermediate 
between  Clay  and  Basalt.  It  is  very  liable  to  det-omposition,  and  when  it  forms  the 
biisis  of  Amygdaloid,  by  undergoing  tliis  change,  it  leaves  the  imbe<lded  minerals 
projecting,  or  they  fall  out  and  leave  the  Wat^ke  cellular.  " 

In  1818  there  was  pu})lishcd  by  Kirk  and  Mercein  in  New  York 
Robert  Jameson's  tmnslation  of  Cuvicr's  celebrated  essay  on  the 
Theory  of  the  Earth,  and  with  it  S.  L.  MitchilTs  Observations  on  the 

Geolosfv  of  North  America.'*     It  is  the  Observations 

MItchlU  on  the  ,  ^V     .  j  •  xx       i.-  j    xi  • 

Ocoiosy  of  North        alonc  that  need  now  receive  our  attention,  and  this 

with  particular  reference  only  to  what  is  said  regard- 
ing the  origin  of  the  drift.     Mitch ilHvas  one  of  the  most  prominent 

«ThiH  work  was  the  subject  of  a  acathing  review  in  the  Analectic  Magazine,  XIII, 
1819,  where  the  writers  were  accii8e<l  of  having  l)orrowed  at  least  three-fourths  of 
their  material  "for  the  mere  purpose  of  eking  out  the  matter  to  the  proi)er  size  of  a 
jimtiim  roiumni — of  l)orrowing  the  most  elementary  ideasof  the  most  common  authors." 
*  *  *  "A  student  who  has  read  either  Cleaveland,  Jameson,  or  Aikin,  w^ill  find  not 
a  senU'ncc  that  is  new  in  at  least  nine-tenths  of  the  lx)ok;  which  is  in  fact  a  disgrace- 
ful example  of  literary  lK)ok-making,  as  it  respects  both  the  matter  and  the  manner." 

''There  wa.s  manifested,  particularly  by  the  publishing  houses  of  Philadelphia,  an 
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ic  men  of  hi«  day,  had  read  and  traveled  extensively,  and  it  inaj' 
to  ansunie  that  tho  views  held  by  him  were  supposed  to  rest 
good  foundation,  thoujfh  thej'  were  not  wholly  accepted,  aa  is 
ned  later. 

\a  MitehiU'ei  idea  that  the  Great  Lakes  were  the  shrudken  rep- 
tives  of  great  internal  seas  of  aalt  water,  which  ultimately 
through  their  harriers,  the  saline  lakes  becoming  gnulually 
led  bv  a  constant  influx  of  fresh  water.  The  remains  of  the 
s  which  held  back  for  a  time  thi.>i  inland  sea  he  thought  to  be 
ident.  One  of  them,  he  wrote,  seemed  to  have  i.'ircumscrif>ed 
■tain  degree  the  waters  of  the  original  Lake  Ontario  and  to  be 
iceable  a^  a  mountainous  ridge  be- 
he  St.  Lawrence  in  upper  Canada, 
wt  of  Kingston,  passing  thence  into 
'ork,  where  it  formed  the  divide 
n  the  present  lake  and  the  St.  Law- 
ind,  continuing  to  the  north  end  of 
ieorge,  apparently  crossed  the  Hud- 
ove  Hadley  Falls.  Thence  he  1m'- 
t  to  run  toward  the  eastern  sources 
Susquehanna,  along  the  Cookwago 
pachton  branches  of  the  Delaware, 
r  the  last  named  a  little  north  of 
(Delaware  Watei^p),  the  Lehigh 
f  Heidelburg  (Lehigh  Gap),  and  the 
{ill  northwest  of  Hamburg  in  Penn- 
*.  Continuing  thence  along  to  the  north  of  Hiirrisbuig. 
he  Susquehanna,  in  a  .southwesterly  direction  until  it  entered 
nd,  and  i«wsed  the  Potomac  at  Harpers  Ferry  into  Virginia, 
t  became  confounded  with  the  Allegheny  Mountains.  Thence 
ly  di-sappearing,  traces  of  it  appeared  to  the  westward,  as  at 
■land  Gap  in  Tennessee  and  the  mountains  west  of  t!apo 
«u  beyond  the  Missis-sippi. 

evident  that  for  a  good  part  of  its  course,  as  traced,  this  barrier 
the  Blue  Ridge,  while  in  eastern  New  York  it  waa  comprised 
of  the  Catskillsand  Adirondack^. 

ipreciate  Mitchill's  view,  then,  we  have  to  imagine  this  now 
and  gapped  ridge  as  continuous  throughout  its  whole  extent, 
;  a  vast  dam  holding  back  the  waters  of  several  salt  inland  .seas 

lency  to  reprint  many  of  the  EnKlisli  workH  uii  )ce<>lo^y  anil  ]iii[>era1ogy. 
lite  inaet  important  Jtluftration,  from  the  present  tttandpuint,  in  thereprint- 
ederick  Accutns'a  A  PracticAl  Kneay  on  the  Analyuie  of  Minerate  (Pliiladel- 
i);  Cuvier's  Eeeay,  a«  noteit  alhive;  BakeHeH'e  An  Introduction  to  (Tcolotty 
veo,  1829);  Cuvier'H  A  Discourse  on  the  Kvoiution  of  the  Suriaee  of  the 
tiiladelphia,  1831) ;  and  De  la  Beche'e  A  tieologicSi!  Manila!  (Philadelphia, 
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U)  t}ic  north IV aitl,  while  the  region  t<i  the  )K>uthward  wtiH  drv  land.  A 
time  cuiiie,  however,  when  tlie  dainti  at  variouis  points  proved  Ux>  frail 
and  gave  way,  the  pent-up  waters  rushing  through  and  carrjii^ 
devastation  with  them  like  the  waters  from  cloud-bursts  or  bursting 
reservoirs  of  to-day,  but  on  a  thousandfold  larger  scale. 

One  breach  was  conceived  to  have  been  at  the  nortbeatttern  extremity 
of  Lake  Ontario.  The  Thousand  Isles,  to  Mit^hill's  mind,  "  bear  wit- 
ness to  the  mighty  rush  of  waters  which  thus  prostrated  the  opposing 
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mound  and  left  them  a^  stuttered  monuments  of  the  ruin."  "By  this 
operation  the  water  must  have  subsided  about  160  feet,"  or  to  ita 
present  level. 

All  the  country  on  Ixith  the  Canadian  and  Fredoniaii  sides  must  have  been  draineil 
anil  left  bare  *  •  •  exptwiuglo  view  the  waterwum  pebbles,  theworksoduarine 
ani[na1t<,  their  tmlid  parts  burie<l  in  tbe  soil,  their  relicks  bedded  in  the  roebs,  and  the 
wliole  exhibition  of  Ofjcanio  remains  formed  in  the  bnttom  of  each  a  sea  as  that  ww. 

Great  maseee  of  primitive  rwks  from  the  demolished  mound  or  dam  and  vast 
<|iiaHtities  of  sBud,  mud,  attd  k'^vcI  were  carrted  <lown  the  stream  to  form  the 
i/uriouB  mixture  of  primitive  with  alluvial  materials  in  regions  below. 


AMERICAN  •  GEOLOGY MACLUREAN    ERA,   1785-1819.  288 

A  second  breach  wa8  conceived  to  have  been  at  the  northern 
rtremity  of  Lake  George,  whereby  the  lake  was  diminished  to  about 
s  present  size.  A  third  was  at  Hadley  Falls;  a  fourth  at  the  upper 
ills  of  the  Mohawk;  a  fifth  was  made  by  the  pent-up  waters  of  the 
'elaware  above  Ekiston,  Pennsylvania;  a  sixth  by  the  Lehigh  to  the 
orthwest  of  Bethlehem;  a  seventh  by  the  Schuylkill;  an  eighth  by  the 
usquehanna,  and  a  ninth  by  the  Potomac  cutting  its  way  through  the 
•lue  Ridge  at  Harpers  Ferry.  A  second  series  of  lakes  and  dams  he 
Dnceived  as  having  existed  outside,  i.  e.,  to  the  southward  of  those 
bove  mentioned.  To  the  bursting  of  these  he  attributed  many  of  the 
ainor  features  of  the  present  landscape. 

The  work  contains  little  in  the  way  of  systematic  geology  aside 
Tom  the  speculations  above  mentioned,  though  there  are  disconnected 
•eferences  to  and  descriptions  of  fossil  remains  and  rocks  found  in 
rarious  parts  of  the  country.  He,  however,  called  attention  to  the 
possibility  of  the  Great  Lakes  having  formerly  drained  into  the  Mis- 
!iisdippi,  the  gradual  reti*eat  of  the  falls  of  >]iagara,  and  the  formation 
of  the  gorge  through  the  undermining  of  the  harder  surface  limestone, 
facts  which  seem  to  have  been  very  early  recognized. 

This  same  year  witnessed  the  first  appearance  in  geological  science 
of  Edward  Hitchcock,  then  a  young  theological  student  of  twenty -five, 
but  who  was  destined  to  be  one  of  the  most  prominent  figures  of  his 

time.    Hitchcock  came  first  into  notice  in  1815  through 

Edward  Hitchcock's  ^ 

PintOeoioficai         somc  astronomical  observations  and  corrections  fur- 

nished  Blunt's  Nautical  Almanac.  His  inclination, 
however,  early  took  a  geological  turn,  and  throughout  a  prolonged 
period  of  activity,  first  as  a  clergyman  and  later  as  professor,  presi- 
lent,  and  again  professor  in  Amherst  College,  he  kept  himself  ever 
prominently  to  the  front. 

The  first  State  geological  survey  carried  to  completion,  that  of 
Viassachusetts,  1830-1833,  was  primarily  his  conception  and  executed 
ilmost  wholly  through  his  eflForts.  He  became,  however,  most  widely 
uiown  and  is  best  remembered  through  his  work  on  the  footprints 
ound  in  the  Triassic  sandstones  of  the  Connecticut  Valley  and  his 
'tudies  of  the  drift  phenomena,  in  both  of  which  he  was  a  pioneer, 
[ndeed,  if  one  may  be  allowed  to  speak  facetiously  of  so  cultured  and 
lignified  a  gentleman,  he  was  America's  first  ^'superficial  geologist," 
md  a  perusal  of  his  papers  alone  will  give  a  very  fair  idea  of  the 
levelopment  of  the  glacial  hypothesis  in  America. 

The  paper  to  which  allusion  is  made  above.  Some  Remarks  on  the 
jeology  and  Mineralogy  of  a  Section  of  Massachusetts  on  the  Con- 
necticut River,  with  a  Part  of  New  Hampshire  and  Veimont,  was 
mblished  in  the  first  volume,  1818,  of  the  American  Journal  of 
Icience.  It  is  noteworthy  on  account  of  a  geological  map  of  the 
^OD,  colored  by  hand,  and  a  transverse  section  of  the  rock  strata 
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from  Il<N»sac  Mountain  to  11  niilos  oast  of  tlu»  (  oiinccticiit  Kivor. 
Tlio  rocks  wf'ro  classed  as  primitive,  secondary,  and  alluvial,  the  nMvr 
crvstallines  and  the  ar^illites  lieing  considered  as  primitive,  while  tho 
traps  and  sandstones  were  put  down  as  secondary. 

The  year  iSls  was  I'cndered  notable  also  by  the  appearance  in  the 
^eolo^ical  arena  of  Amos  t^ton.  a  man  who,  like  Hitchc<x*k,  w&< 
destin(*d  to  achieve  a  national  reputation,  liut  whose  mental  character- 
istics  were   as    unlike   Hitchcock's  as   was    po8sil»le 
Baton's  Index.  iHiK.  auiou^  men  ill  the  same  calling.     His  first  geologii'sil 

jMiixM-  occupieil  three  pages  of  the  American  Journal 
of  Science  for  tlie  year  under  discussion.  His  first  noteworthy  publi- 
cation was  the  Index  to  the  Geology  of  the  Northern  States,  which 
apjM»are<i  in  tlie  form  of  a  text-book  for  the  geological  classes  at  Wil- 
liams (!ollege  that  same  year.  Eaton  is  desc'ribcd  as  a  man  of  great 
force,  untiring  en<»rgy,  and  was  one  of  the  most  intere^stiug  men  of  his 
day.  In  isUi,  at  th(»  age  of  forty,  he  afmndoned  the  practice  of  law  and 
went  to  New  Haven  to  attend  Silliman's  lectures  on  mineralog}' and 
g(M)logy.  Subsecjuently  he  tniveled  many  thousand  miles  on  foot, 
throughout  New  England  and  New  York,  delivering  in  the  principal 
towns  siiort  i-ourses  of  lectures  on  t^jitund  history.  In  March,  1817, 
iiaving  receiv(»d  an  invitation  to  aid  in  the  introduction  of  the  natural 
sciences  in  Williams  College,  his  alma  mater,  he  delivered  a  course  of 
lectures  in  Williamstown.  Such  Avas  the  zeal  at  this  institution,  he 
wrote,  that  '*an  uncontrollable  enthusiasm  for  natural  history  took 
possession  of  every  mind,  and  otlier  departments  of  learning  were  for 
a  time  crowded  out  of  the  college."  In  April,  1818,  on  invitation  of 
(iov(»rnor  De  Witt  Clinton,  he  delivered  in  Albanv,  before  the  mem- 
bers  of  th(»  State*  legislature,  a  course  of  lectures  on  natural  history. 
Hen*  was  undoubtedly  the  })eginning  of  the  work  which  resulted  in 
tin*  (establishment  of  the  State  survey. 

In  the  "Index"  mentioned  above  (which  has  been  pronounced  "the 
lirst  attempt  at  an  arrangem(»nt  of  the  geological  strata  of  North 
America-')  the  views  expressed  were  natumlly  largely  tinged  with 
Wernerism.  They  an»  reviewed  in  detnil  here,  even  when  almost 
exact  (Mjuivalents,  on  account  of  their  local  application. 

Eaton  divided  the  rocks  of  tlie  earth's  crust  into  five  classes:  First 
Primitive;  second.  Transition;  third.  Secondary;  fourth,  Superin- 
I'umbent;  and,  tifth.  Alluvial;  the  lK>dy  of  the  work,  occupying  pjigcs 
IT)  to  41,  inclusive,  IxMiig  given  u\}  to  their  description  and  geograph- 
ical distribution. 

Tnder  the  head  of  Primitive  rocks  he  included  granite,  granular 
limestone  and  <]uart/,  gneiss,  mica-slate,  soapstoue  rocks,  calcareous 
and  granular  (]uartz,  and  syenite.  These  were  regaixled  as  Imrren  of 
fossil  remains  and  the  oldest  rocks  to  which  human  research  had 
extended. 
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rnnsitioii  class  included  iiiebilliferouH  limuutoiifi,  ai^illHceoiis 

ceuuu  slate,  graywaoke  slate,  and  mbblestone. 

■W^ndary  class  included  red  sandstone,  breccia,  compact  linie- 

^ypsutii,  and  rocksalt;  ^ 

■eiincumbentclasH,  ba-      ,.  j,  *  «  ^  „  1 

reonstone,    trap,  and      gvK^^^s-        I 

iloid,  and  the  Alluvial      als||y  ^| 

ravel,  sand,  clay,  and      i  =  E  '   s  ^  3  s 

U'  I  1  M 

:rative    of    his     ideas     ^  F        I     S  *" 

ling   the    position    of     |  ^     £.  g 

rocks,     a     goolo^cal      ■  b.     ^  § 

rse  section  was  given,     ■%  |     |  " 

ng  from  Boston  on  the      ^  S     F  h 

the  Catskilt    Moun-  ^   I 

1  the  west.      From  a  ^ 

of   this  section   and  I 

ompanying  text  many  | 

:ing  and,  to  us,  strik-      Ttp?^?:^'  o 

lolusions  are    drawn.      ?=g5?^  m 

stance,  in    discussing      si«=  =  |  ^ 

tition  of  the  gneiss  of      |  s  I  g  f  o 

iniitive  series  as  it  oc-      I  i'  e,  ^  i  o 

tetween     Dalton    and  «  E.  b  i 

Id,  Vermont,  he  wrote:  l|  " 

iks  laterally  under  the  |  :>  ^ 

ate  to   the  west,   and  z.  ? 

ly  does  not  rise  again  s  g 

,  reaches  the  continent  | 

.."  Thesoapstonesand  ^ 

:ines,  now  known  to  be  t, 

eruptive  rock,  were      _„„„„„  h 

•d  bj'  him  as  forming      T  ^  ™  «  n  "  " 

the  concentric  coats  of      5^|  ^  |  i  J  ^ 

lically  deposited  mate-      E  I  S  1 1  F  5 

nd,  as  with  syenite  and     f  I  "     |  -^ 

,  their  po.>isiblc  erup-      i|        |  a  ^^^^^F- N""""^- 

gin  not  dreamed  of.  a        g 

is  Transition  class  he         ^ 

include  the  marliles  of  _    ^^_^_ 

...  C      ^^H^B    PrinloitlUP. 

1  Vermont,  now  con-  ^^^^" 

to  beof  Lower  Silur-  ^^— ^- 

d  Cambrian  age.  and  ^Bv^ 

ting  slates.  Iw 

le  Secondary  class  he 

d  the  red  sandstones  of  the  Catskills  (Devonian),  as  well  as 

»f  the  Connecticut  Kiver  (Triassic).  Dis<'ussing  tlie  position 
Cat«kill  atone,   he  wrote;  ''Bakewell   removed  this  stratum 
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fnioi  iht  .S^**Midain-  flass  (where  Werner  placed  iti  to  tlie  Transition. 
He  i««ys  thi«  Mnitujii  teruiiiiates  the  "^rie^  of  tnin>itioD  rocks  oon- 
tatining  metallic  veia^  and  the  iiKm*  aDcient  oipemk-  relics.  Hind 
Biikewell  ever  vUited  Catskiil  M«>untjiin  he  would  ondoahtedlj  have 
left  the  red  .sandstone  where  Werner  placed  it:  for  here  the  true  old 
tm]  -^nd-^trine  of  Wern»-r  contains  tht*  orpinized  remains  of  at  lea^t 
one  well-known  pheno^^anious  woodr  plant.**^  He  also  slated  that 
thii»  F4ind>tone  contained  the  petrified  remains  of  the  roots  of  the 
Knhnin  hitipJUi.  or  common  laurel!  The  gx'psum  and  roeksalt  beds 
of  New  York  and  Pennsylvania,  now  rej^arded  a^  of  Salina  age,  he 
includtffd  in  thi^  .Secondary  vlas^.  and  also  the  common  compact  lime- 
r>tono  ficcurring  in  the  western  part  of  New  York  State«  but  not  found 
ea>«t  of  the  Hudson  River. 

In  the  SuperincumlK'nt  class  were  included,  as  already  stated,  green- 
r^tone  trap,  amygdaloid,  and  basalt,  which  he  regarded  as  varieties  of 
one  and  the  same  roc*k.  This  assumption  on  his  part  is  interesting  in 
i?r>nnection  with  the  discussion  of  the  last  twenty  years  (since  the 
intrcxiuction  of  the  nilcn>sco)>e  into  gei>log]k->  regarding  the  now  well- 
established  relationship  existing  l>etween  basalt.  melaphyr«  and  dia- 
liase.  While  these  rocks  were  considereil  by  him  as  volcanic,  their 
exa<rt  .s^iurce  seemed  problematic.  "  On  the  Deerlield  River  the  green- 
stone sinks  down  in  a  tissure  in  the  red  sandstone.  *  *  *  Bakewell 
would  say  here  were  volcanoes  and  here  the  melted  greenstone  wan 
thrown  up  through  the  sandstone." 

In  discussing  his  Alluvial  class,  he  wrote: 

It  iH  v^nM\  by  all  (^eoU>gistx  that  all  t^iils,  exivptiiit;  wliat  proceeds  from  decom- 
[kjn^I  animal  and  vet^^table  matter,  are  (*<>m{M.i^Hi  of  the  broken  fragments  of  dian- 
X/k^rviVk-iX  nx-kn.  Fmm  thiu  fact  it  is  natural  to  infer  that  the  soil  of  any  district 
inijfht  Ur  known  by  the  nx-ks  out  of  which  it  is  formeil;  <H)nsequently,  that  rocks 
alKiiindin^  in  <|iiartz  would  pnMluiv  a  sandy  soil  and  those  abounding  in  ai^llaoeoos 
nlate  a  <lay  s^>il,  et4*.  ♦  ♦  ♦  This  inferen«*e  is  eertainly  ix)rrect,  but  there  is  grett 
difficulty  in  determining  what  rrx-ks  may  have  extendetl  over  any  particular  district 
and  lieijn  entirtfly  dissr>lvefl  in  former  ages.  Is  there  not  gvHxl  reason  to  believe  that 
mrjHt  of  the  strata  now  constituting  Cat  skill  Mountain  *  *  *  om*e  extended  over 
MartMK'huK'tts  to  the  Atlantic  Ocean? 

That  these  strata  once  extended  as  far  as  Massachusetts  and  united 
\a\  the  same  strata  at  Pittstield  and  Stockbridgo  he  regarded  as  beyond 
question,  and  he  concluded  that  a  mass  of  rock  from  1,(KK)  to  3,000 
feet  in  thickness,  from  20  to  30  miles  in  breadth,  and  perhaps  80  miles 
in  length,  had  Imen  dissolved  and  mostly  washed  down  the  Hudson 
Kiv<M-.  Fnigments  of  every  stratum  he  thought  were  still  to  be  found 
in  small  iiiass(»s  throughout  the  towns  in  the  vicinity.     The  possibility 

«('on(»erning  this  Hall  remarks  ((Jeology  of  Fourth  District,  p.  6):  ''It  is  a 
n»niarkahle  fact  that  at  this  early  period  Mr.  Eaton  should  have  recognized  the  sand- 
HU»ne  of  the  ('atskill  Mountains  as  the  Old  Red  of  Kurope,  which,  now  that  we  have 
identilied  its  characteristic  fossils,  is  proved  to  be  true." 
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f  glacial  drift  wa8  of  course  at  that  time  wholly  unrealized,  and  he 
ccounted  for  the  manses  of  granite  and  syenite,  weighing  from  1  to 
D  tons^  which  are  scattered  throughout  the  Connecticut  River  region, 
8  residuary  fragments  from  atmospheric  decomposition. 

What  force  can  have  hrought  these  masses  from  the  western  hills  across  a  deep 
■Uey  700  feet  lower  than  their  present  situation?  Are  we  not  compelled  to  say  that 
bds  valley  was  once  filled  up  so  as  to  make  a  gradual  descent  from  the  Chesterfield 
of  granite,  sienite,  etc.,  to  the  top  of  Mount  Tom?  Then  it  would  be  easy  to 
of  their  being  rolled  down  to  the  top  of  the  greenstone,  where  we  now  find 
beau 

Ib  this  year  Elaton  published  also  his  Conjectures  Respecting  the 
formation  of  the  £arth.  In  this,  largely  following  Werner,  he 
Aught  that  the  water  now  covering  three-fourths  of  the  earth's  exterior 
iras  at  one  time  thoroughly  commingled  with  the  solid  materials  con- 
itituting  the  globe  in  such  a  manner  as  to  form  a  very  thick  paste. 
Such  being  the  primary  condition,  the  heaviest  materials  contained  in 
Om  globular  mass  of  mortar  would  soon  begin  slowly  to  settle  together, 
Ihe  heaviest  naturall}'^  at  the  center.  Further,  that  such  settling  took 
place  in  inverse  order  of  the  specific  gi'avities  of  particles,  forming 
thus  several  concentric  layers  of  metals,  arranged  like  the  coats  of  an 
onion.  This  settling  went  on  until  finally  gi-anite  was  deposited,  several 
thousand  yeai"s  l>eing  regarded  as  necessary  for  the  completion  of  all 
the  strata.  Previous  to  the  deposition  of  gmnite,  gneiss,  mica-slate, 
and  other  primitive  rocks,  neither  animals  nor  vegetables  were  con- 
ceived to  exist,  for  no  traces  of  them  have  })een  discovered  in  the  rocks 
of  these  types. 

As  condensation  went  on,  the  water  being  disengaged  from  the  inner 
deposits  and  forced  gradually  toward  the  exterior  of  the  mass,  the 
earth  paste  became  more  diluted,  and  a  few  zooph3'tes,  shell  animals, 
and  cryptogamous  plants  were  created,  as  was  shown  by  the  finding 
of  their  remains  in  the  transition  rocks  overlying  the  primitive. 

The  continued  dilution  of  the  water  by  the  deposition  of  the  mate- 
rials of  the  transition  series  was  followed  bv  the  creation  of  several 
i$pecies  of  fish,  and  as  the  solution  was  thinner  the  deposits  of  the 
secondary  rocks  went  on  with  considerable  rapidity.  During  this 
time  the  red  sandstone,  compact  limestone,  and  indurated  marl  were 
deposited,  entombing  incidentally  individuals  of  the  various  plants 
and  animals  enumerated. 

Whfle  this  secondary  formation  was  going  on  the  internal  heat  of  the  eartli  imme- 
diately beneath  the  granite,  by  converting  the  water  which  remained  in  tlie  subter- 
nnean  interstices  into  steam,  began  to  raise  up  the  rockt*  of  granite.  The  expansion 
of  this  steam  found  relief  by  forcing  its  way  wherever  the  least  resistance  was  pre- 
seatedy  and  as  strata  can  be  separated  from  each  other  easier  than  they  can  be  broken 
through,  the  steam  probably  travele<l  laterally  round  the  earth,  Hei>arating  the  gran- 
ite from  the  next  stratum  lielow.  At  length  the  force  of  the  more  hij^hly  rarefitMl 
«leam  became  too  great  to  be  any  longer  confined  within  the  coat  of  granite.  It 
bant  throogh  at  the  weakest  part  and  shot  forth  its  craggy  broken  edges  above  the 
muddy  watezs  which  smroanded  it 
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Concerning  the  source  of  this  heat,  '^whether  it  arose  from  the 
admixture  and  combustion  of  substances  then  abounding  beneath  the 
gmnite,"  or  whether  ''  it  was  excited  by  the  concentric  layers  of 
metallic  plates  serving  as  a  vast  galvanic  battery,"  ICaton  was  non- 
committal. 

The  projecting  edges  of  granite,  together  with  the  uplifted  Rtrata  of  transition  and 
secondary  rottks,  formed  the  first  islands  and  continents  of  dry  land.  AlluvU 
deposits  had  already  commence  under  water,  and  therefore  parts  of  the  raind 
islands  and  continents  were  prepareii  for  the  reception  and  support  of  plants  and 
animals  of  the  more  i^rfectly  organizetl  structure. 

These,  how^ever,  were  not  the  continents  of  the  present  day,  which 
were  conceived  then  to  be  at  the  bottom  of  the  primeval  oc^ean,  but 
were  rath(»r  the  continents  occupied  by  antediluvians,  and  which  are 
now  in  their  turn  probably  at  the  bottom  of  the  Indian  Ocean.  This 
land,  he  argued  - 

may  have  ix»en  supiwrttid  by  the  meeting  place  of  two  vast  seginentH  of  uplifted  ^ 
graiiitt'  whicli  contained   beneath  them  an  immense  subterranean  sea.     Our  prei-  4 
ent  continent  may  now  l)e  supported  in  the  same  way  and  the  meeting  of  thewlgtt  • 
of  Bcjrmontsforin  tiie  granitic  ridge  which  extends  from  Georgia  to  the  Frigid  Zone^ 
that  is  to  s;iy,  that  which  forms  the  Appalac*hian  Mountain  system. 

In  whatever  manner  the  ancient  worl<i  was  supported,  it  is  evident  that  when  the 
wickc<hicsw  of  man  drew  down  the  vengeance  of  the  Almighty,  its  foundations  ga^ 
way  and  it  sank  to  the  bottom  of  the  ocean  never  to  l)e  again  uplifted. 

Incidental  to  tliis  catastrophe,  he  conceived  there  may  have  been 
formed  a  ••vacuum  wherein  much  water  mi^ht  subside;"'  or  possibly 
>>evera]  continents  fjdiinjr  in  contemporaneously,  basias  were  formed— 

sufficient  t«»  hold  all  the  waters  which  had  hitherto  covenM.1  the  ixmtinents  of  our 
day;  or,  perhaps,  the  pressure  at  the  outer  margins  of  the  falling  iX)ntinentfi  might 
force  up  the  granite,  which  raised  our  continents  out  of  the  ocean.  *  *  *  At  any 
rate,  tlie  fountains  of  the  great  deep  were  })roken  up,  and  our  continents,  then  at  the 
bottom  of  the  great  deep,  emerged  into  a\H*n  day.  While  this  tremendous  crash  of 
nature  was  going  on,  scales  of  various  thicknesses  from  the  various  strata  were  ehol 
up,  detached  and  broken,  which  gave  formation  to  our  surrounding  hills,  the  ra^^ed 
cliffs  of  the  Catskill  and  the  bleak  brow  of  the  Andes.  Some  were  fonne<i  at  the 
lK)ttom  of  the  sea  by  volcanic  tires;  others  have  arisen  from  various  causes  since  the 
great  deep  retired. 

This  order  of  cieation  lie  conceived  to  }>e directly  in  accoi*d  with  the 
account  of  Moses  and  the  sinking  of  the  ancient  continent  contempora- 
neous with  the  Noachian  deluofc. 

When  the  fountains  of  the  great  deep  were  bn>ken  ui>  and  the  liottoms  of  th<i* 
fountains  l^ecame  dry  lan<l,  the  ancient  worM  became  itself  the  bottom  of  the  great 
dee^)  in  its  turn. 

During  tliis  period  all  surviving  animal  life,  )K)th  human  and  other- 
wise, was  conceived  as  confined  within  the  limits  of  Noah\s  ark,  about 
one  year  elai)sin^  from  tlie  time  the  sinking  took  place  and  the  ark  was 
floated  before  the  new  earth  was  sufiiciently  dry  for  the  occupants  to 
disembark. 
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These  conje(*tures,  it  will  be  observed,  are  not  quite  those  of  Werner, 
gince  the  original  paste  constituting  the  globe  must,  according  to  Eaton, 
have  been  rather  a  mechanical  admixture  than  a  chemical  solution. 
While  the  early  stages  of  precipitation,  whereby  the  heaviest  mate- 
rials were  deposited  in  the  form  of  concentric  layers  of  metals,  might 
be  suggestive  of  a  condition  of  solution  or  aqueo-igneous  fusion,  the 
subsequent  deposition  of  the  secondary  rocks,  which  are  so  plainly 
fragmental,  leaves  us  to  conclude  that  he  regarded  the  primar^^  condi- 
tion as  that  of  a  mechanical  mixture  or  emulsion. 

Eaton  in  his  index  deviated  somewhat  from  Werner's  classification 
ak)  in  that  he  placed  the  argillaceous  slates  in  the  transition  rather 
than  in  the  primitive  class.'* 

The  year  1819  was  signalized  by  the  organization,  in  the  philosoph- 
ical room  of  Yale  College,  of  the  American  Geological  Society,  the 
first  American  soi»iety  devoted  mainly  to  geological  and  allied  subjects. 

Though  this  continued  in  existence  only  until  the  end 
AjMw^Omiosicai  ^j  1828,  it  was  productive  of  much  good  in  stimulating 

workers  throughout  the  country.  Maclure  was  elected 
president,  with  Colonel  Gibbs,  Professor  Silliman,  Professor  Cleave- 
land,  Stephen  Elliott,  K.  Gilmor,  S.  Brown,  and  Rol)ert  Hare,  vice- 
president^i.  Among  the  more  prominent  memlwrs  were  Akerl}', 
Bruce,  Cornelius,  S.  L.  and  J.  F.  Dana,  Dewe3%  Eaton,  Godon, 
Hitchcock,  Mitchill,  Katinesque,  Schoolcraft,  and  Steinhauor,  while 
the  names  of  Emmons,  Harlan,  Lea,  Morton,  Troost,  and  Vanuxem 
appear  among  the  younger  and  then  less  prominent  workers. 

The  society  published  nothing  and  has  left  little  that  is  tangible  to 
tell  of  its  existence,  though  Eaton,  in^the  second  edition  of  his  Index 
to  the  Geology  of  the  Northern  States,  makes  the  following  interesting 
comment  concerning  its  personnel: 

The  president  of  the  American  Geological  Society,  William  M'Cliire,  esq.,  has 
already  struck  out  the  grand  outline  of  North  American  geographical  geology.  The 
first  vice-president,  Col.  G.  Gibbe,  has  collected  more  facta  and  amassed  more  geolog- 
ical and  mineralogical  specimens  than  any  other  individual  of  the  age.  Tlie  second 
vice-president.  Professor  Silliman,  his  learned  and  indefatigable  colleague  in  these 
labors,  gives  the  true  scientific  dress  to  all  the  naked  mineralogical  subje<»ts,  which 
are  fumisheil  to  his  hand.  The  third  vice-president,  Professor  Cleaveland,  in  suc- 
i-eewfully  employed  in  elucidating  and  familiarizing  those  interesting  sciences;  and 
thus  smoothing  the  rugge<l  paths  of  the  student  Professor  Mitchill  has  aniasse<l  a 
laiye  store  of  materials,  and  annexed  them  to  the  lal)ors  of  Cuvier  and  Jameson. 
Bat  the  drudgery  of  climbing  cliffs  and  descending  into  fissures  and  caverns  and  of 
traversing  in  all  directions  our  most  ruggcnl  mountainous  district.^  to  ascertain  the 
•listinctive  characters,  number,  and  order  of  our  strata  has  devolved  on  me.  1  niaki' 
no  pretensions  to  any  peculiar  qualifications  other  than  that  bodily  health  and  con- 
stitutional fitness  for  labor  and  fatigue  which  such  an  employment  rcciuircs. 

'<  Silliman  in  his  review  of  the  work  (American  J(Mirnal  of  S(rience,  I,  ISUI,  p. 
70)  I'aJlei]  attention  to  the  fa4*t  that  the  clay  slate  may  l>elong  either  to  primitive, 
transition,  or  secondary  formations.  He  also  questioned  if  the  West  Stockbrid^,e 
marble  should  not  be  regarded  aa  primitive  rather  than  metaU\(erov\B. 
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During  the  yearn  18IS  and  1H19  Henry  R.  Schoolcraft  made  a 
throughout  what  is  now  known  an  the  lead  region  of  the  Mitwit 
Valley,  and  in  November  of  the  last-named  year  published,  i 
form  of  an  octavo  volume  of  some  300  pages,  a 
entitled  A  View  of  the  Lead  Mines  of  Mi* 
Including  Some  Observations  on  the  Miners 
Geology,  Geography,  Antiquities,  Soil,  Climate,  Population,  and 
ductions  of  Missouri  and  Arkansas  and  Other  Sections  of  the  Wt 
Country.  The  work  contained  little  of  geological  importanct 
purport  of  the  trip  lieing  mainly  to  study  the  lead  deposits  c 
region.  He  described  the  whole  mineral  country  as  "bottoms 
primitive  limestone,  though  be  found  quartz  rock  and  later  sand 
very  common  in  the  southern  section  of  the  Arkansas  country, 
ondary  limestone  was  also  met  with,  but  was  far  less  common  tl 
Ohio,  Indiana,  Connecticut,  and  III 
the  ore  itself  being  found  in  the  dew 
sition  products  from  the  primitive 
stono.  He  mentioned  the  occurrem 
granite  in  Waijhington  and  Madison 
ties,  also  greenstone  porphyry  and 
oi'e,  and  cor/ectly  descrilied  the  gran 
being  the  only  mass  of  ib^  kind  knoi 
exist  between  the  primitive  ranges  c 
Allegheny  and  Rocky  mountains,  beinj 
rounded  on  all  sides  and  to  an  a 
immeosumble  extent  with  secondary 
stone.  He  gave  also  a  descriptive  cats 
of  the  minemls  found  in  the  State.  A 
them  mention  was  made  of  the  flint 
(linirdeau  County;  several  varieties  of  <iuartz,  including  the  Ark 
novaculite;  a  red  pipostonc  from  the  Falls  of  St.  Anthony,  wh 
evidently  the  catlinitc  of  more  recent  writers,  but  which  he  called 
tite;  and  other  minerals,  including  Iwrvte,  fluonte,  blende,  antii 
native  copper,  etc.  He  descrilx'd  briefly  the  micaccouti  ii-on  t 
Iron  Mountain,  the  coal  found  near  Pittsburg,  Pennsylvania,  and 
minemU  which  need  not  be  mentioned  in  detail. 

Schoolcmft  was  one  of  those  all-round  naturalists  and  investi( 
such  as  could  exist  only  in  the  early  days  of  science,  when  it  wa 
sible  for  one  mind  to  embiiice  or  include  all  knowledge,  keep  tn 
its  development,  and  at  the  same  time  aid  in  its  advancement.  .-' 
apparently  of  more  than  ordinary  vigor,  daring,  and  perseveren^ 
early  became  inb^rested  in  the  work  of  exploration,  his  field  1 
however,  limit^td  mainly  to  the  MissiHsippi  Valley  and  the  i-e^ 
the  (ireat  l>akes.  His  geological  work  was  purelj'  of  the  ivco 
sance  typ*\  but  was  of  the  greatest  value  in  the  then  existing  . 
tion  of  knowledge  regarding  the  regions  visited,  the  lead  regions 
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Hiasissippi  Valley  and  the  copper  regions  of  Lake  Superior  both  pruf - 
itJDg  by  his  labors. 

Being  brought  in   contact  with  -  the   aborigines  and  realizing  the 
npiditj  with  which  they  were  becoming  contaminated  through  con- 


fact  with  the  whites,  be  was  drawn  into  a  study  of  the  Indian  tribes 
of  North  America,  to  which  work,  after  182%  he  gave  up  a  Itirjje  jMir- 
tion  of  bin  time.  The  main  work  of  his  life  lieu,  therefore,  quite 
ontokie  the  limits  of  the  present  paper. 
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In  1820ix-hoolci-aft,  iM'tinjf  iindor  direction  of  Governor  Lewis  Can 
of  ^fichig»ll,  who  v/as  hiniself  acting  under  authority  of  the  then  Se 
retary  of  Wnr,  iimde  a  trip  alon^  the  Great  Lakeu  and  to  the  houfd 
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of  till'  .Mississiiippj.  llir  results  i)f  which,  with  goncfal  notes  on  th 
imtiintl  liistoiy  of  thi'  royiuii,  were  pulilishcd  the  year  following. 
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In  1821  he  wii8  a  member  of  a  uecond  expedition  authorized  by  the 
;neral  Government  to  explore  the  central  portions  of  the  Mittsiiutippi 
illey,  the  results  of  which  were  published  in  1825.  In  1822  he  aluo 
ported  to  the  General  Government  on  the  extent  and  value  of  tlie 
ineral  lands  on  Lake  Superior,  and  a^in  in  1832  "resumed  and 
mpleted"  his  explorations  of  the  sources  of  the  Mississippi,  his 
suits  appearing  in  book  form  in  1855. 

The  expedition  of  1820  (See  map,  fig.  7)  started  at  Detroit  and  maae 
i  way  northward  along  the  western  shores  of  lakes  St.  Clair  and 
uron  to  the  Straits  of  Michilimackinac,  thence  northward  through 
:.  Marys  River  and  along  the  south  shore  of  Lake  Superior  to  Fond 
iLac.  up  the  St.  Louis  Hiver,  and  down  the  Savannah  to  Sandy 
ake  and  lakes  Winnipeg  and  Cassina  farther  north.  The  return  trip 
as  made  down  the  Missiiwippi  to  the  lead  region  near  Dubuque,  Iowa, 
id  thence  northeasterly  up  the  Wisconsin  River  to  Green  Bay,  where 


9.— Schoolcraft' 


le  party  divided,  a  portion  going  to  Michiliina('kina<-  (now  Mackina*'), 
ong  the  northern  and  eastern  shores,  and  the  rest  keeping  to  the 
rath,  to  Chicago,  and  eastward  and  north  till  the  starting  point  was 
itched  once  more,  one  section  of  the  party,  with  Governor  Caws,  leav- 
)g  the  lake  near  the  southeastern  end  (at  the  mouth  of  the  Kivi-r  du 
vhmein)  and  going  overland  to  Detroit, 

The  narrative  of  the  expedition  of  1820  abounds  with  minoralogical 
nd  geological  notes,  which  are  in  large  part,  however,  of  a  supjwsod 
crinoniic  nature.  The  occurrence  o!  gyiwuin  at  St,  Martinx  Island 
'K  noted,  the  island  of  MiehiUmackinac  itself  being  of  "tninsitinn 
od  compact"  limestone.  A  colored  section  was  given  showing  the 
'lative  position  of  granite  and  overlying  sjin<iMtoiie  between  I'l-csijuc 
if  and  (rarlic  Uiv^-r  (tig.  !l).  The  MiiiKistonc  he dcscnbed  as  ovctIii|>- 
ing  the  granite  and  fitting  into  its  iriegiiliinlies  in  »  nuLniicr  tliiil 
nhowK  it  to  liav'c  assumed  that  position  sub.Hi'<|iicntIy  to  the  iipliciiv- 
g  of  the  granite."    The  age  of  this  sand  rcx'k  he  was  unable  to  satis- 
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factorily  determine,  though  its  position  seemed  to  him  to  indicate  a 
near  alliance  to  the  '*  Old  red  sandstone.'-  " 

He  described  the  finding  of  the  large  block  of  native  copper  (now  in 
the  U.  S.  National  Museum  in  Washington),  upon  the  edge  of  the 
Ontonagon  River,  giving  a  picture  and  offering  some  remarks  on  the 
probable  origin  of  the  same.  In  his  report  to  Secretary  J.  C.  Cal- 
houn, luider  this  same  date,  made  with  reference  to  the  copper  mines 
of  Lake  Superior,  Schoolcraft  dwelt  in  some  detail  upon  the  occur- 
rence of  frequent  masses  of  drift  copper,  but  stated  that  no  body  of 
the  metal  sufficiently  extensive  to  mine  profitably  had  been  discovered. 
He,  however,  regarded  it  as  probable  that  a  more  intimate  knowledge 
of  the  resources  of  the  country  might  result  in  the  discovery  of  valu- 
able ores  of  copper,  in  the  working  of  which  *' occasional  masses  and 
veins  of  the  native  metal  may  materially  enhance  the  advantage  of 
mining."  This  prediction,  it  is  scarcely  necessary  to  say,  has  been 
abundantly  verified. 

Writing  on  the  prevailing  theories  as  to  the  origin  and  dietribution 
of  metals  and  gems,  he  remarked,  "There  is  no  reason  that  can  be 
drawn  from  philosophical  investigations  to  prove  that  these  substances 
may  not  b(»  abundantly  found  in  the  climates  of  the  north,  even  upon 
the  banks  of  the  frozen  ocean,"  their  distribution  being  apparently 
wholly  independent  of  (dimatic  conditions. 

The  Dubuque  lead  ore  he  descril)ed  as  occurring  in  detached  masses 
in  the  ocherous  alluvial  soil  resting  upon  a  calcareous  rock  referable 
to  the  Transition  class  (in  the  revision  of  his  work,  published  in  1832, 
he  made  this  (/arV)oniferous),  and  also  in  veins  penetrating  the  rock. 
The  relationship  existing  between  the  rock  and  the  residual  clay  did 
not  seem,  however,  to  have  l)een  recognized.* 

The  presence  of  (extensive  })eds  of  coal  about  40  miles  southwest  of 
Chicago,  on  the  Fox  Kiver,  was  noted.  The  fact  that  bricks,  made 
from  clay  occurring  n(»ar  Chicago,  turned  white  was  also  noted,  and 
explained  on  the  ground  that  they  w(»r(»  lacking  in  iron  oxides.^ 

In  his  '•Travels''  Schoolcraft  advanced  the  idea  that  there  had  been 
at  some  former  period  an  obstruction  in  tlie  chaiuiel  of  the  Mississippi 
River  at  or  near  (rrand  Tower,  in  southern  Illinois,  whereb}' there 
was  produced  a  stagnation  of  tlie  current  at  an  elevation  of  about  13<' 

^'The  correct  ponitiim  of  this  sandstone  remained  lonjr  a  matter  of  doubt  and  di»* 
pnte.     It  is  now  considenKl  as  of  Potsdam  ajj:e. 

''  Since  this  mcxle  of  occurrence  was  referre<l  to  by  sul>sequent  explorers,  it  may^>*? 
well  to  state  liere  tlutt  tlie  on*  was  oriy;inally  in  the  limestone,  from  which  it  was 
lilK^rat^Ml  by  <leconiposition  and  left  to  accumulate  in  the  residual  <*lay,  representing 
tlie  insf)luble  constituents. 

'This  hiis  sinee  Ikhmi  shown  to  be  an  error.  These  I'lavs  <'ontaiu  as  much  ironafl 
others  that  may  burn  re<l.  it  is  probable  that,  in  the  process  of  tirinjj,  this  inm  com- 
bines to  form  an  inni-lime-maj^nesian  silicate  an<l  is  not  oxidiztnl  to  the  extent  of 
imparting  the  common  brick-R»<l  color. 
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feet  above  the  present  ordinary"  watermark.  This  wa.s  made  sufficiently 
evident  to  him  by  the  general  elevation  and  direction  of  the  hills,  which 
for  several  hundred  miles  above  are  separatc^d  }»y  a  valley  from  20  to 
25  miles  wide.  Wherever  these  hills  disclosed  rocky  and  precipitous 
fronts  a  series  of  distinctly-marked  old  water  lines  were  observed. 
The  Grand  Tower  and  the  contiguous  promontories  were  regarded  as 
but  the  dilapidated  remains  of  this  barrier.  On  the  breaking  away  of 
the  obstructions  the  water  gradually  receded  into  existing  channels,  by 
which  the  inland  sea  was  gradually  drained. 

One  of  the  most  curious  features  of  this  paper  lies  in  his  pronounced 
acceptation  of  the  accumcy  of  the  various  reports  relative  to  the  find- 
ing of  living  animals  embedded  in  rocks  of  considerable  geological 
antiquity.  He  mentioned  the  finding  at  Carthage,  on  the  Genesee,  of 
twelve  or  fifteen  frogs  embedded  in  a  layer  of  packed  clay  marl  about 
9  feet  below  the  surface,  where  they  had  apparently  been  buried  since 
the  diluvial  era;  also  the  finding  of  one  in  a  geode  in  the  Niagara  lime- 
stone at  Lockport.  As  bearing  upon  the  same  subject,  he  gave  in  his 
addenda  a  series  of  accounts  of  the  finding  of  various  living  animals 
under  equally  impossible  conditions,  which  he  seems  to  accept  without 
question. 

In  1S19-20  Maj.  Stephen  H.  Long,  under  the  direc^tion  of  John  C. 
Calhoun,  Secretary  of  War,  made  an  expedition  from  Pittsburg  to 
the  Rocky   Mountains.     With   him   were   associated   Thomas    Say, 

entomologist,  and  Edwin  James,  lx)tanist  and  geolo- 
iSSiK*****""**"*    gist.     The  accounts  of   the  expedition,  compiled  b}^ 

Mr.  James,  contain  numerous  references  to  the  geol- 
ogy of  the  region,  which  are  of  interest,  considering  the  time  at  w^hich 
they  were  made.  The  route  of  the  expedition  lay  from  Pittsburg 
down  the  Ohio  to  its  mouth,  up  the  Mississippi  to  St.  Louis,  and 
northwestward  to  Council  Bluffs;  thence  westward  along  the  Platte 
and  South  Platte  to  a  point  a  little  west  of  the  one  hundred  and  fifth 
meridian  and  north  of  the  thirty-fifth  parallel;  across  to  the  Arkansas, 
which  was  followed  down  to  a  point  a  little  east  of  the  one  hundred 
and  fourth  meridian,  where  the  party  divided,  one  returning  by  the 
Arkansas  and  the  other  by  the  Canadian  River. 

The  reports  on  geology  were,  naturally,  largely  tinged  with  Werner- 
ism.    It  was  noted  that,  in  the  vicinity  of  the  Ro<»ky  Mountains,  only 
Secondary  rocks  occurred,  Transition  forms  being  entirely  lacking.     He 
noted,  first,  the  occurrence  of  red  sandstone  resting  immediately  on  the 
flfranite,  rather  indistinctly  stratified,  the  strata  sometimes  inclined  and 
sometimes  horizontal;  second,  argillaceous  or  gi*ay  sandstone  overlying 
the  red  and  conforming  to  it  in  its  inclination  and  carrying  sometimes 
coal  and  iron;  third,  floetz  trap,  including  greenstone  and  am^^gdaloid; 
and  fourth,  sand  and  gravel  resting  on  the  sandstones  and  extending  over 
the  Great  Desert,  this  latter  material  being  recognized  as  a  product  of 


246  REPORT   OK   NATIONAL   MnSETIlf,    IBM. 

tl]C  (iiHintog ration  of  the  primitive  roctm  of  the  mountaiiiH  and  whirt 
thoiiffht  '*  tohMvv  l)een  deposited  uta  very  rciiioto  period  when  the  wat 


of  iho  prinii'vul  (x'l'itii  coven-d  thi-  level  of  the  (Jroat  Plain  audi 
lower  rL'}ri(jii.H  of  the  gmiiitic  iiiountuiiiK."     The  inclined  position 
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jome  of  these  Secondary  roc*.ks  in  the  immediate  vicinity  of  the  moim- 
ains  was  noted,  but  some  difficulty  found  in  accounting  for  the  same. 
•SiiKsequcnt  to  the  deposition  of  these  horizontally  stratified  rocks/' 
le  wrote,  ^ ^  their  ix>sition  has  been  somewhat  changed,  either  by  the 
iction  of  some  force  beneath  the  primitive  rocks,  forcing  them  up  to 
I  f^reater  elevation  than  they  formerly  possessed,  or  by  the  sinking 
lown  of  the  Secondary,  produced  by  the  operation  of  some  cause 
tjually  unknown."  This  matter  he  again  referred  to,  thinking  it  pos- 
ible,  though  scarcely  probable,  that  the  great  and  abrupt  change  in 
he  inclination  of  the  strata  in  the  parts  near  the  granite  might  be  due 
0  the  gradual  wearing  away  by  the  agency  of  rivers  of  some  portion 
)f  the  sandstone,  and  that  those  rocks  now  found  in  an  inclined  position 
^ere  detached  portions  of  what  was  formerly  the  upi)er  part  of  the 
strata  which,  having  l)een  undermined  on  their  eastern  side  and  sup- 
ported by  the  granite  on  the  western  side,  had  fallen  into  their  present 
position. 

The  presence  of  coal  beds  in  the  region  of  the  Ozark  Mountains  was 
Qoted,  and  the  associated  limestones  were  set  down  as  of  Carbonifer- 
Dusage,  as  was  also  the  limestone  of  the  region  of  the  lead  mines. 

An  important  suggestion  was  made  relative  to  the  possibility  of 
obtaining  water  through  bore  holes  sunk  in  the  arid  tract  1}  ing  west 
of  the  Ozark  Mountains.     ''It   is  not  improbable,'"  he  wrote,  ''that 

the  strata  of  manv  parts  of  this  secondary  formation 

muck's  ^iii>  o^Mt  iim 

tt^KruJSn  toward  its  exterior  circumference  may  vary  from  a 

horizontal  to  an  inclined  position,  in  consequence  of 
which  the  water  that  falls  in  dew  and  rains  in  the  hilly  districts,  be- 
coming insinuated  between  curved  stratifications,  may  descend  toward 
the  («nter  of  the  formation  under  such  circumstances  as  would  insure 
its  rising  to  the  surface  through  well  or  bore  holes  sunk  sufficiently 
to  penetrate  the  veins." 

The  rocks  of  the  Allegheny  Mountains  were  classified  as  granular 
limestone,  metalliferous  limestones,  transition,  argillite,  and  sandstone. 
The  report  was  accompanied  by  a  volume  of  plates,  which  included 
geological  sections  on  the  thirty-fifth  and  forty-first  parallels  (fig.  11). 
These  were  intended  to  fonn  continuations  of  Ma<*lure's  third  and 
fifth  sections,  already  noted  (p.  228). 

The  second  volume  of  Silliman's  American  Journal  of  Science,  issued 
this  year,  had  a  long  article  b}'  the  editor — Sketches  of  a  Tour  in  tlie 
LVmnties  of  New  Haven  and  Litchfield,  Conn.,  with  notices  of  tlie 
^.  ^  Geology,  Mineralog}',  and  Scenery — in  which  are  dc- 

•OBBnn.  oiaHtod,     scribed  the  various  rocks  passed  over,  among  others 

the  "primitive  white  mar})le''  near  Mew  Milford. 
le  described  this  as  "a  perfectly  distinct  bed  in  gneiss,  which  is  found 
n  both  sides  of  it,  and,  of  course,  both  above  and  l)elow  it.''  a  sensible 
Iniixture  of  the  two  rocks  being  perceptible  for  some  feet  on  both 
des  of  the  junction. 
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Just  what  Silliman's  preconceived  opinions  may  have  been  l 
apparent,  htit  he  remarked  in  a  satisfied  way  ttiat  the  associa 
were  exactly  what  he  had  anticipated. 


The  geologiml  relations  of  tlie  marble  appear  to  have  been  perfectly  dit 
•  •  *  and  trive  hs  new  rraHon  to  admire  that  woiulerful  order  and  harmony. 
eipei.'ted  by  ptsjple  in  geueral,  which  are  found  equally  in  the  miaera)  kingd 
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in  the  animal  and  vegetable,  and  which  afforded  on  analogical  grounds  the  l)e8t  rea- 
son to  predict  that  the  geological  association  of  this  marble  would  l>e  found  to  l)e 
what  it  actually  is. 

In  the  district  are  nearly  all  the  important  primitive  rocks  of  Verneuil,  while  New 
Hampshire  includes  a  considerable  {)ortion  of  his  secondary  formations. 

In  the  same  Journal,  Denison  Olmst^,  then  at  Cbapclhill,  in  North 
Carolina,  announced  the  discovery  of  a  red  sandstone  formation  in 
North  Carolina,  which  he  had  traced  through  the  counties  of  Orange 
and  Chatham,  with  a  breadth,  in  one  instance  at  least,  of  about  7  miles. 

Caleb  Atwater,  in  the  same  volume,  noted  the  occurrence  of  ancient 
human  bones,  together  with  those  of  a  mastodon  or  mammoth  in  Ohio, 
which  indicated  to  his  mind  that  the  whole  country  had  at  one  time 
been  covered  with  water,  which  had  made  it  '^one  vast  cemetery  of 
the  beings  of  former  ages." 

In  August,  1819,  Dr.  Samuel  Akerly,  who  is  first  mentioned  on  page 
223,  read  before  the  New  York  L\'ceum  an  essay  on  the  geology  of 
the  Hudson  River  and  vicinity.  This  was  published  the  year  follow- 
ing in  the  form  of  a  small  duodecimo  volume  of  69 
Oeojofyoftbe  pagcs,  and  was  accompanied  by  a  colored  section  of 

Motem River,  1819.  «'   »      '  .  .    i  ,        ,         i       i.   ^^        ,      tt       i 

the  country  from  the  neighborhood  of  bandy  Hook, 
Sew  Jersey,  northward  through  the  Highlands  in  New  York  toward 
the  Catskills.  This  section  is  mainly  interesting  as  being  the  second 
attempt  of  its  kind,  being  preceded  by  Eaton's  transverse  section  from 
the  Catskills  to  the  Atlantic  by  only  two  years.  The  work  consisted 
mainly  of  descriptive  details  relating  to  the  lithological  character  of 
the  various  formations,  and  contained  little  else  of  value.  Akerly  was 
a  disciple  of  Mitchill,  whom  he  followed  implicitly.  He,  however, 
questioned  the  Old  Red  Sandstone  age  of  the  Connecticut  River  sand- 
stones, on  account  of  bones  of  land  animals  having  been  found  beneath 
them  at  Nyack.  Since,  however,  credence  is  given  to  the  repoii;ed 
finding  of  pine  knots,  earthen  vessels,  iron  instruments,  corn  cobs,  etc., 
under  these  same  sandstones,  and  an  iron  instrument  resembling  a 
pipe  in  the  anthracite  coal  of  Rhode  Island,  little  weight  can  be  given 
even  to  his  doubts. 


CHAPTER  II. 

THE  EATONIAN  ERA.  1820-1829. 

According  to  Amo8  Eaton,  1820  marked  the  close  of  the  first  era  of 
American  geology.  Accepting  this,  it  may  well  be  called  the  Maclur- 
eanera.  The  second,  including  the  decade  1820-1829,  may  with  equal 
propriety  be  called  the  Eatonian  era,  since  E^ton  was  the  most  promi- 
nent worker  as  well  as  most  profuse  writer  of  the  decade.  In  so  doing, 
however,  we  must  not  overlook  the  fact  that  Eaton  was  favored  with 
unusual  opportunities,  owing  to  the  munificence  of  the  Hon.  Stephen 
Van  Rensselaer  and  that  he,  himself,  would  perhaps  have  called  it  the 
Rensselaerian  era. 

The  era  opened  .with  promise,  and  though  the  results  as  apparent 
on  paper  were  not  great,  yet  much  was  actually  accomplished.  It  was, 
so  to  speak,  a  transition  period,  one  in  which  the  possibilities  of  State 
and  Governmental  surveys  were  seriously  considered,  and  one,  too,  in 
which,  so  far  as  America  was  concerned,  there  was  made  the  first  sys- 
tematic attempt  at  correlation  by  means  of  fossils.  We  meet,  too, 
during  this  interval  the  first  really  satisfactory  suggestion  as  to  the 
source  of  the  glacial  drift,  the  first  recognition  of  overturned  folds 
tod  the  possibility  of  the  repetition  of  strata  through  faulting  and  dis- 
placement. The  cosmogonists  had  largely  disappeared  and  in  their 
place  were  men  who  had  learned  to  first  observe  and  then  deduce 
According  to  their  understanding  of  the  observed  phenomena. 

In  1820  Elaton  published  a  second  edition  of  his  Index  in  the  form 
of  a  small  octavo  volume  of  286  pages.  In  this  many  of  the  earlier 
opinions  were  restated  with  little,  if  any,  modification.  His  views  rel- 
ative to  the  origin  of  the  continents  were  illustrated 
SS?n£&?i8ao.  ^y  *h®  plate  here  reproduced,  but  the  source  of  the 

energy  which  resulted  in  the  elevation  of  tiie  contiiuMits 
was  still  unexplained.     He  asserted: 

That  the  rents  made  by  the  grand  explosion,  which  first  u[)turne(l  and  disfigured 
the  rocky  emst  of  the  earth,  were  in  a  north  and  soutli  direction.  That  those  cross- 
ing the  forty-second  degree  of  north  latitude  were  principally  made  at  the  Pyrenees 
and  Alps  in  Europe,  Caucasus,  Tartary,  and  China  in  Asia,  Kocky  Mountain  and 
Sew  England  in  America. 

Whether  this  theory  accords  with  the  real  origin  of  the  present  state  of  tilings  or 
not  in  immaterial.  It  is  introduced  solely  for  the  purpose  of  aiding  the  memory  in 
studying  the  strata  which  we  know  do  exist. 
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His  views  regarding  the  formation  of  caves  in  limestone  were  prim- 
itive and  highly  interesting: 

When  the  waters  of  the  ocean  retireti,  tlie  calcareous  cement  which  now  holds  the 
shells  together  was  in  a  state  of  soft  paste.  *  *  *  After  the  waters  retired  the 
parts  exposed  to  the  sun's  rays  fx3gan  to  harden,  contract,  and  crack  into  blocka. 
In  some  parts  of  the  Ueldeberg  these  blocks  are  of  great  extent,  but  I  have  seen 
acres  of  it  where  the  stratum  is  very  thin,  checkered  up  into  blocks  from  2  tolO  feet 
square.  Where  the  stratum  is  very  thick  and  the  fissures  very  long,  laige  caveroa 
were  frequently  formed,  for  the  upper  surface  of  the  stratum  was  soon  dried  and 
indurated,  while  the  whole  remained  soft  a  long  time  a  few  feet  below  the  surface. 
If  a  stream  of  water  happened  to  flow  in  the  vicinity  of  the  fissure,  it  would  prob- 
ably make  its  way  into  it  and  soon  wash  away  the  loose  shells  beneath  the  surface, 
which  were  merely  enveloped  in  soft  calcareous  paste. 

And  further: 

I  have  examined  four  of  the  largest  caverns  in  the  Heldebeiig,  and  they  all  still 
exhibit  conclusive  evidence  of  their  having  been  once  in  the  state  of  mere  fissures, 
and  streams  of  water  still  traverse  them  all. 

The  majority  of  readers  of  to-day  need  scarcely  be  told  that  these 
limestone  caves  are  formed  wholly  by  a  process  of  solution,  by  surface 
waters  acting  upon  the  strata  only  after  they  had  reached,  essentially, 
their  present  position  and  condition  of  induration.  The  streams  of 
water  which  are  found  trav^ersing  the  caves  are  incidental  and  conse- 
quent rather  than  causative. 

His  views  on  the  formation  of  stalactitic  iron  ore,  as  exemplified  in 

the  Salisbury  mine,  are  equally  interesting.    The  ore,  he  believed  to 

have  been  at  one  time  specular  iron  imbedded  in  the  talco-micaceous 

rock,  and  deposited  in  its  present  form  from  a  state  of  fusion  as  recent 

as  the  time  when  the  "Alluvion''  was  formed. 

These  stalactites  are  always  suspended  from  masses  intermixed  with  the  soil  in 
such  a  manner  that  it  is  evident  the  iron  was  in  a  state  of  fusion  when  in  contact 
with  it.  The  foot,  which  still  adheres  to  all  stalactitic  specimens,  proves  that  the 
heat  was  continued  after  the  ore  was  confined  in  its  present  state.  If  it  was  ever 
fused  down  from  any  rock,  it  must  have  l)een  the  same  out  of  which  the  alluvion 
embracing  it  was  foniied.  The  cause  pro<iucing  such  a  high  heat  I  shall  not  attempt 
to  assign;  but  that  the  ore  exhibits  sufficient  evidence  of  its  having  been  recently 
fuse<l,  I  believe  no  one  can  question  who  has  ever  inspected  it  in  place. 

The  reader  of  to-day  need  here  also  scarcely  be  told  that  all  the 
peculiarities  thus  described  were  due  not  to  heat,  but  to  deposition 
from  solution. 

His  views  regarding  man}'  phenomena  were,  naturally,  largely  a 
reflection  of  those  held  by  European  authorities.  In  fact,  one  of  the 
most  striking  features  which  impresses  itself  upon  the  reader  of  these 
early  works  is  the  attempt  manifested  by  all  to  correlate  the  various 
formations,  not  of  America  alone,  but  American  with  European,  on 
purely  lithological  grounds.  If  a  specimen  of  sandstone,  schist,  or 
whatever  it  might  l)e,  resembled  another  from  a  different  source,  no 
matter  how  distant,  this  was  considered  evidence  of  its  belonging  to 
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the  same  formation.  This  method  of  correlation  did  not  wholly  dis- 
appear among  American  workers  for  many  years,  although  Marcou 
was  probably  its  latest  ardent  apostle.  Elaton  himself  made  an 
attempt  to  break  away  from  it  in  his  later  work,  as  will  be  noted. 

In  the  work  under  discussion  the  crystalline  limestone  or  granular 
limestone  «nd  quartz,  calcareous  and  granular  quartz,  and  metalliferous 
limestone  of  the  first  edition  were  regarded  as  all  belonging  to  one 
and  the  same  stratum,  but  the  position  of  this  limestone,  as  shown 
near  the  east  line  of  Danbury^*  Connecticut,  confused  him. 

Here  the  layers  dip  to  the  west;  but  in  West  Stockbridge  and  Alford  they  gen- 
lUy  dip  to  the  east,  though  there  seems  to  be  no  conformity  in  their  direction. 
Had  mme  force,  applied  at  the  eastern  edge,  raised  these  mountain  masses  from  the 
horizontal  toward  the  vertical  position,  leaving  some  inclined  to  the  east  and  forcing 
others  beyond  a  vertical  position,  they  would  have  presented  their  present  inclination. 

This  is  the  first  suggestion  of  anything  resembling  an  overturned 
fold  which  had  thus  far  been  made.  He  was  correct  in  his  observa- 
tions, but  the  science  had  not  sufficiently  advanced  to  enable  him  to 
realize  the  possibilities.  It  will  be  noted,  too,  that  he  was  working 
in  a  region,  the  correct  interpretation  of  which  has  been  a  source  of 
dispute  for  nearly  three-quarters  of  a  century.  The  glacial  drift  was, 
as  in  the  first  edition  of  his  work,  still  classed  as  alluvial,  and  the 
materials  composing  Long  Island  and  the  coastal  plain  were  regarded 
as  of  a  common  origin. 

Eaton  made  use  of  Le  Due  and  Jameson's  awkward  name  of  Geest  to 
include  the  '"'most  univei*sal  of  all  strata,"  which  was  found  occupying 
*'every  inch  of  dry  land  which  is  neither  naked  rock  nor  covered  with 
alluvion,"  and  the  character  of  which  ''is  generally  indicated  by  the 
rock  upon  which  it  lies  and  by  those  which  hav^e  recently  disappeared." 
Although  thus  defined,  in  his  attempt  to  outline  its  distribution  he 
failed  to  discriminate  between  the  true  residual  material  and  that 
which  is  drift. 

What  he  had  to  say  on  the  subject  of  organic  relics  or  fossils  was 
merely  an  adaptation  from  Martin's  Syatema  reUquloruitL  He  classi- 
fied these  relics  under  two  heads,  petrifdctionH  and  amHen^atives.  The 
petrifactions  or  Huhstituti&ns^  as  he  sometimes  called  them,  were  '^  those 
relics  which  are  entirely  made  up  of  mineral  subsbinces,  which  have 
gradually  run  into  the  places  occupied  l)y  organized  bodies,  as  those 
bodies  decayed,  and  assumed  their  forms."  The  conservatives  or  pres- 
ervations, on  the  other  hand,  were  *'  those  relics  or  parts  thereof  which 
still  consist  of  the  very  same  substances  which  originally  composed  the 
living,  organized  being." 

These  relics  were  named  by  annexing  the  termination  lithos^  a  ston(», 
o  the  scientific  name  of  the  living  organism;  as,  for  instance,  a  fossil 
Lsh  would  be  ichthyolithos,  though  the  terminology  \\\  Knglish  he 
>ften  modified  from  lUfufs  to  lUe,     Adopting  this  nomenclatun^  he 
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grouped  all  organic  relics  under  nine  headn,  as  follows:  Grenus  I, 
Mammodolite;  Genus  II,  Ornitholite;  Genus  III,  Amphibiolite;  (Jenus 
IV,  Ichthyolite;  Genus  V,  Entomolite;  Genus  VI,  Helmintholite; 
Genus  VII,  Concholite;  Genus  VIII,  Erismatolite;  Genus  IX, 
Phytolite. 

In  1821  Eaton  was  employed  by  8.  Van  Rensselaer  to  make  a  geo- 
logical and  agricultural  survey  of  Rensselaer  County,  New  York.  Jlis 
report,  printed  in  1822,  formed  an  octavo  pamphlet  of  70  pages,  and 

was  accompanied  by  a  geological  section,  extending 
iSSScS^  County!'  f  rom  the  Onondaga  Salt  Springs  across  the  county  to 

Williams  College  in  Massachusetts.  The  first  thirty 
pages  of  the  report  were  given  up  to  discussions  of  the  chai*acter  and 
distribution  of  the  various  kinds  of  rocks  and  soils,  and  the  remainder 
to  methods  of  culture  and  an  agricultural  calendar. 

The  rocks  of  the  county,  as  well  as  those  of  Washington  County  on 
the  north  and  of  Columbia  County  on  the  south,  were  regarded  as  chiefly 
belonging  to  the  ti*ansition  formations.  Secondary  limerock  resting 
on  the  gniywacke  was  found  in  Schaghticoke  about  four  miles  east  of 
the  Hudson  and  in  the  northern  part  of  Greenbush.  As  to  whether 
the  argillite  along  the  eastern  margin  of  the  county  was  transition  or 
primary,  he  was  in  doubt.  As  with  his  contemporaries,  he  based  his 
opinions  largely  upon  lithological  data,  quite  failing  to  realize  that 
rocks  of  widely  varying  age  may  more  or  less  resemble  each  other, 
according  to  local  conditions  and  the  amount  of  metamorphism  they 
may  have  undergone.  Passing  westward  from  Williams  College,  the 
various  rocks  met  with,  as  shown  in  his  section,  and  described  are  (I) 
granular  and  primitive  limestone,  (2)  metalliferous  or  transition  lime- 
stone, (8)  argillite,  (4)  metalliferous  limestone  again,  (5)  a  second  band 
of  argillite,  (6)  gniywacke  with  sporadic  patches  of  (7)  compact  second- 
ary limestone,  (8)  secondary  or  calcareous  sandstone,  and  (9)  argillaceous 
gniywacke,  semi-indurated  argillite,  and  clay  slate.  The  first  three 
were  represented  with  steep  westerly  dips  passing  under  the  gray- 
wacke,  which  constitutes  the  principal  formation. 

On  November  17,  1820,  the  Hon.  J.  B.  Gibson  read  a  paper  l>efore 
the  American  Philosophical  Societ},  which  was  published  in  the 
Transactions  of  that  year,  on  the  trap  rocks  of  the  Conewago  Hills 

near  Middletown,  Dauphin  County,  and  Stony  Ridge 

Trap*RSk***i82o"      "^*^^   C'arlisle,    Dauphin   County,   Pennsylvania.     He 

described  the  mode  of  weathering  into  bowlders,  and 
rightly  argued  that  such  was  due  wholly  to  atmospheric  agencies  and 
did  not  indicate  an  original  coiuTetionary  structure.  He  seemed  tc 
retnird  th(»  columnar  stnictun*  in  this  class  of  roi^ks  as  due  also  U 
de<'()inposition,  nieiitioniiig  as  an  (waniple  tiie  columns  of  the  (iianf! 
C-auseway,  "which  exhibit  regular  prismatic  form  only  when  it  htu 
long  been  exposed  to  the  action  of  the  atmosphere." 
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He  did  not  regard  the  trap  of  the  Conewago  Hills  as  igneou8,  but 
that  of  Stony  Hill  presented  to  him  an  appearance  more  decisively 
volcanic.  This  did  not,  however,  necessarily  mean  that  there  may 
have  once  existed  a  crater  here. 

These  observations  of  Gibson  relative  to  the  mode  of  decomposition 
of  the  trappean  rock  are  of  interest  when  taken  in  connection  with 
observations  of  other  individuals  of  about  this  period  in  North 
Carolina. 

It  appears  that  the  attention  of  the  Rev.  James  Hall  and  Zachariah 
Lewis  had  be^n  called  to  what  are  now  known  to  be  small  ti*appean 
dikes  on  the  Yadkin  River,  near  Salisbury,  which  had  undergone 
decomposition  into  small  bowlder-like  masses.  The  fact  that  these 
dikes  had  at  one  time  occupied  rifts  in  older  rocks  which  had  largely 
disappeared  through  decomposition,  leaving  them  standing  in  wall- 
like masses^  entirely  escaped  the  observation  of  the  two  gentlemen 
named,  and  they  were  consequently  described  as  probably  of  human 
workmanship. 

In  response  to  a  request  of  Dr.  Samuel  L.  Mitchill,  Mr.  John  Beck- 
with  made  an  examination  of  the  occurrences  and  reported  the  result 
in  a  letter  printed  in  the  American  Journal  of  Science  for  1822. 
Beckwith  described  in  considerable  detail  the  occurrence  of  the  dikes 
and  the  stages  of  transition  from  the  solid  bowlder-like  masses  to  the 
supposed  interstitial  cement.  While  apparently  not  realizing  com- 
pletely the  fact  that  their  then  appearance  might  be  due  to  decompo- 
sition, his  description  is  such  as  to  leave  no  doubt  in  the  mind  of  the 
pr^ent  reader.  As  to  the  exact  character  of  the  material  itself,  he 
was  somewhat  at  a  loss,  but,  on  the  whole,  inclined  to  believe  it  to  be 
basaltic,  though  perhaps  of  aqueous  rather  than  igneous  origin. 

The  work  of  Thomas  Nuttall  merits  attention  here  only  on  account 
of  the  time  of  its  accomplishment.  Nuttall  himself  was  not  a  geolo- 
gist, nor  can  he  be  considered  an  American.  His  principal  work  was 
„^^^.  of  a  botanical  and  ornithological  nature,  the  paper, 

OfejtfvctkMu.  Observations  on  the  Geological  Structure  of  the  Valley 

of  the  Mississippi,  being  his  sole  contribution  to  the 
literature  of  geology.  This  was  read  before  the  Philadelphia  Academy 
in  December,  1820,  and  in  its  printed  form  occupies  88  pages  of  the 
journal  of  the  society. 

NuttalFs  travels  took  him  along  the  southern  shore  of  Lake  Erie  to 
Detroit;  thence  by  canoe  along  the  coast  of  Lake  Huron  to  Michili- 
mackinac;  thence  southwestward  to  Green  Bay,  Wisconsin,  and  by  way 
of  the  Fox  and  Wisconsin  (Ouisconsin)  rivers  to  the  Mississippi,  near 
Prairie  du  Chien,  and  southward  to  St.  Louis.  This  and  othcM*  trips 
up  the  Missouri  and  Arkansas  rivers  gave  him  ample  opportunity  for 
such  superficial  observations  jis  h(»  was  competent  to  make.  Those 
observations   consisted  largely  of  conjectures  as  to  the  geographic 
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limits  of  the  secondary  formations,  which  he  found  here  to  consist 
mainl}^  of  limestone  strongly  resembling  the  mountain  limestone  of 
Derbyshire  in  England,  and  he  announced  himself  as  *'  fully  satisfied 
that  almost  every  fossil  shell  figured  and  described  in  the  Petrifica 
Derbiensia  of  Martin"  was  to  be  met  with  throughout  the  great  cal- 
careous platform  of  the  Mississippi  Valley.  The  limits  and  character 
of  the  "Ancient  Marine  Alluvium,"  its  fossil  and  mineral  contents 
were  discussed;  the  essay  concluding  with  some  observations  on  the 
Transition  Mountains  of  Arkansas,  with  brief  notes  on  the  hone  slate 
of  Washita. 

In  1820  there  appeared  also  H.  H.  Hayden's  Geological  Essays. 
These  are  of  especial  interest  as  dealing  particularly  with  the  Tertiary   i 
and  more  recent  alluvial  deposits  of  the  Atlantic  and  Gulf  coasts,  form- 
ing what  is  now  known  as  the  coastal  plain.     The  work 
il?io.*"**  ^■"y*»      is  verbose  in  the  extreme  and  more  argumentative  than 

logical.  Indeed,  were  it  not  for  its  historical  interest 
and  for  the  light  which  is  thrown  upon  the  crudities  of  early  observa- 
tion and  deduction,  it  would  be  scarcely  worth  considering  at  all. 

After  referring  to  the  geographical  limits  of  this  coastal  plain,  as 
defined  and  mapped  by  Maclure,  and  combating  the  opinions  of  pre- 
vious observers  [including  Latrobe,  Stoddard,  and  others]  to  the  effect 
that  it  was  formed  by  flood  tides  and  the  winds  acting  on  materials 
cast  up  by  the  sea  or  through  the  transporting  powers  of  the  great 
rivers,  Hayden  proceeded  to  elaborate  his  own  theories  in  a  way  as 
ingenious  as  it  now  seems  improbable.  ^^  Viewing  the  subject  in  all 
its  bearings,  there  is  no  circumstance  that  affords  so  strong  evidence 
of  the  cause  of  the  formation  (i.  e.,  the  coastal  plain)  as  that  of  its 
having  been  deposited  by  a  general  current,  which  at  some  unknown 
period  flowed  impetuously  across  the  whole  continent  of  America,  and 
that  from  northeast  to  southwest."  The  course  of  this  current  he 
assumed  depended  on  that  of  the  geneml  current  of  the  Atlantic 
Ocean,  the  waters  of  which  rose  to  such  a  height  that  'Mt  overran  its 
ancient  limits  and  spread  desolation  on  its  adjacent  shores." 

In  seeking  a  cause  for  this  general  current  the  author  referred,  first, 
to  the  seventh  chapter  of  the  book  of  Genesis,  ''For  yet  seven  days, 
and  I  will  cause  it  to  rain  upon  the  earth  forty  days  and  forty  nights, 
and  ('Very  ItrirKj  HnhnUinct  that  I  have  nwdr  will  I  daitrfry  frotn  off  the 
fare  of  the  earth,  ^^  He  then  proceeded  to  show  the  inadequacy  of  this 
cause  alone;  the  water  l)eiiig  thus  e(]|ually  distributed  over  the  ot*ean 
and  the  land,  there  ''could  be  no  tendencv  to  cause  a  current  in  the 
former.*"  Some  othc^r  cause  iiuist  therefore  be  sought,  and  fortu- 
nately his  imagination  proved  etjual  to  the  task. 

Accepting  as  probable  the  suggestion  of  '*a  writer  of  no  common 
celebrity,"  presunuibly  Kirwan,  to  the  ettect  that  the  cause  of  the 
general  deluge  was  the  melting  of  the  ic(»  at  the  two  poles  of  the  earth. 


AMERICAN   GEOLOGY — EATONIAN    ERA,   1820-1829.  ^357 

that 'this  was  occasioned  by  the  sun  deviating  from  the  ecliptic,  he 
eeded  to  explain  in  his  own  way  how  this  might  be  brought  about, 
gh  acknowledging  that  no  positive  testimony  could  possibly  be 
iced  to  substantiate  the  fact. 

iviufT  admitted  the  possibility  of  the  earth's  changing  its  position 
lat  the  sun  would  pass  'immediately  over  the  two  poles  upon  an 
lown  meridian,'"  he  showed  that  there  would  th(Mi  result  a  rapid 
»Iution  of  the  existing  ice  caps,  such  as  would  yield  an  ample  sup- 
>f  material,  it  being  only  necessary  to  give  it  direction.  Consid- 
r  as  e^ssential  to  the  problem  only  the  northern  hemisphere,  he 
irked  that  from  this  polar  cap  there  are  but  two  outlets — the  one 
the  Pacific  Ocean  through  the  narrow  Bering  Strait  and  the  other 
ugh  the  wider  channel  between  Greenland  and  Lapland  into  the 
ntic.  Hence,  when  the  melting  ensued,  by  far  the  larger  vol- 
of  water  passed  into  the  latter  ocean. 

sooner  was  this  operation  established,  and  thin  aitc^enfr^ion  of  strength  and  power 
vn  into  the  Atlantic  Ocean  in  particular,  than  its  tide  lx?gan  to  rise  alxne  its 
uon  limits  accompanied  by  a  consequent  current,  both  constantly  increasing, 
►ne  in  height  and  the  other  in  rapidity,  proportioned  t<>  the  increase  of  power  at 
ocufl.  ♦  ♦  *  At  the  commencement  of  this  frightful  drama  the  current,  it  is 
ly  probable,  was  divided  by  the  craggy  heights  of  Spitzl)ergen  and  a  part  thrown 
the  White  Sea,  while  the  other  w^as  thrown  back  u{)on  the  casU»rn  and  southern 
:  of  Greenland,  and  from  thence  in  a  southwestern  dinrtion  until  it  struck  the 
^eastern  coast  of  Labrador,  along  which  it  swept  through  the  straits  of  Belle 
across  Newfoundland,  Nova  Scotia,  and  along  the  Atlantic  coast  into  the  (iulf 
[exico.  *  *  *  In  a  short  space  of  time,  the  southern  and  eastern  coast  of 
udor,  over  which  this  current  was  urgwl  with  increasing  force,  was  desolate<l. 
8oii  ♦  *  *  was  hurle<l  adrift  and  *  *  *  carrieil  acn)ss  the  countrv  into 
JJulf  of  St.  Lawrence,  and  across  a  part  of  New  England  i«to  the  sea,  or  general 
*nt  of  the  ocean.  Continuing  to  rise,  the  waters  swept  across  Davis  Strait  and 
d  their  tumultuous  surges  into  Hudson  Bay,  embracing  the  whole  coast  of  I^ib- 
r,  while  the  unetjual  current  of  the  St.  I^wrence  was  forreff  hack  ami  upwanf  (o 
trmt  itonrce.     *    ♦    * 

length  the  floods  of  the  i)ole  forming  a  junction  with  Baiiins  Bay  and  the  Arc- 
lea,  def5ring  all  bounds,  overran  their  ancient  limits  and  hurknl  their  unite<i 
«,  in  dread  confusion,  acn>s8  the  bleak  regions  of  the  north  to  consummate  the 
il  scene.  Thus  lakes  and  seas  uniting  formed  one  common  o(van  which  was 
elled  with  inconceivable  rapidity  across  the  continent  l>etween  the  great  chain 
lountains  into  the  (fUlfo(  Mexico  and  jirobably  over  the  unixwpled  wilds  of 
h  America  into  the  Southern  Ocean.  Ful(ille<l  in  this  wav  were  the  awful 
mciations  of  an  offended  God,  bv  the  sure  extermination  of  evcrv  l)east  of  the 

anil  every  creeping  thing  that  creepeth  u|X)n  the  fat  c  «)f  the  earth. 

he  argument  ased  to  .substantiate  or  in  favor  of  the  probalnlity  of 
above  causers  can  not  be  dwelt  upon  hero.  But  to  the.^e  causes  he 
eved  to  be  due  not  merely  the  alluvial  deposits  of  the  coastal  plain, 
as  well  the  barrenness  of  soil  of  the  rocks  in  Labrador  and  the 
theastern  portion  of  the  continent,  and  also  the  g<MUM*al  phenonuMia 
the  glacial  drift,  the  bowlders  of  the  latter  being  conceived  as 
nsported  by  floating  ice. 

VAT  MU8  19(H 17 
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While  all  thia  was  taking  place  on  the  American  continent,  the 
material  supplied  by  the  melting  of  the  south  Polar  ice  cap  was  find- 
ing its  way  northward  over  Asia,  carrying  with  it  to  northern  Siberia 
the  mammoth,  rhinoceros,  and  other  gigantic  animal  remains  now 
there  found.     In  this  last,  it  will  be  observed,  he  followed  Pallas. 

The  opinion  held  by  many  to  the  effect  that  the  deltas  of  rivers 
were  composed  exclusivel}*  of  alluvion  brought  down  in  the  course  of 
time  and  deposited  at  their  mouths,  he  regarded  as  ''a  flagrant  dere- 
liction from  truth  and  ever}^  principle  of  sound  reasoning  and  estab- 
lished fact.''    Such  he  regarded  as  formed  in  jmrt  of  natural  alluvioD 
of  the  rivers,  in  part  of  wind-blown  sand  and  dust,  and  in  part  of  waste 
from  the  fields  due  to  cultivation  and  the  cutting  away  of  forests. 
Thus  early  he  recognized  the  importance  of  man  as  a  geological  agent, 
and  also  that  of  the  wind.     He  nowhere  in  the  whole  150  pages  of  :• 
the  discussion,  however,  recognized  the  now  well-known  fact  that  J 
deltas  are  formed  only  at  the  mouths  of  rivers  emptying  into  tide-  ^ 
less  seas.  i 

Strangely  enough,  although  one  of  the  earliest  to  recognize  the  ^ 
extent  and  imix)rtjince  of  the  alluvial  formations,  Hayden  seems  to 
have  had  very  hazy  notions  regarding  the  origin  of  their  materials. :. 
The  belief  held  bv  manv  to  the  effect  that  everv  species  of  rock  is 
liable  to  a  slow  but  progressive  form  of  disintegration  and  decomposi- 
tion was  to  him  rank  heresy,  as  ^''tiintamount  to  a  li^>el  against  the 
letter  and  spirit  of  Holy  Writ."     Not  but  that  some  rocks  may  indeed  . 
decompose,  such  as  tlu*  *' micaceous  schistus,'-  but  "'granite  and  other 
rocks  of  like  nature,  whcMc  the  (piartz  feldspar  and  mica  are  perfectly 
combined,  are  practically  indestructible;''  and  the  arguments  he  used 
to  prove  this  are  precisely  those  used  to-day  to  prove  the  rapidity  of  ^ 
the  destructive  piocess — that  is,  the  evidence  furnished  by  old  stone 
monuments  and  buildings.     Blinded  by  his  religious  prejudices  and 
preconceived  notions,  he  refused  to  accept  proof  of  such  decay,  even 
when  confronted  by  it  in  unmistakable  forms,  referring  to  such  as  but 
the  '"  ddbris  of  the  incompact  or  imperfectly  formed  mass  that  served  as 
the  covering,  as  it  were,  of  the  rocks,  and  which,  being  destitute  of  3 
a  cement,  had  fallen  awav  to  sand." 

Even  that ''  the  soil  which  covers  the  face  of  the  earth  was  produced^ 
by  the  disintegration  of  rocks''  was  to  liini  an  opinion  unfounded-i 
both  in  natural  as  well  as  in  moral  philosophy,  and  betrayed  a  wantijj 
of  attention  to  the  plans  of  the  Omnipotent.  ''Who  can  or  will  con-jj 
tend  that  the  mountains  of  our  earth  are  becoming  more  and  moro^ 
depressed  by  the  disintegi*ation  of  the  rocks  of  which  they  are  com- 
posed  ^  *  *  *  Fortunately,  however,  it  is  not  so.  The  G: 
Author  of  Nature  intended  it  otherwise,  and  they  are,  and  ever  bai 
been,  the  same  in  height,  in  all  human  probability,  that  they  wei 
from  the  commencement  of  time." 
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Hayden  was  the  first  to  suggest  the  iiatue  TiTwinj  for  formations 
of  atlurial  origin  and  more  recent  than  the  serondarj'.  The  secondary 
(onnationi)  he  regarded  as  "the  results  of  a  natuml  operation;''  that 
IB,  as  natural  deposits  from  wat«r,  probably  in  a  state  of  perfect  ti-an- 
qurlity.  The  alluvial,  on  the  other  hand,  wei-e  the  results  of  "at-ci- 
ckntal  operations." 

These  essayt<  were  very  favorably  reviewed  by  Silliiimn  in  the  thii'd 
rolume  (1821)  of  his  journal,  even  the  idea  of  the  fusion  of  the  polar  ice 
cap  being  allowed  to  pass  with  no  nioreserious  criticism  than  to  suggest 
thit  the  flood  of  waters  might  have  )>een  produced  tliroiigh  the  expul- 
■ion  of  the  same  from  cavities  in  the  earth.     J.  K.  Dc  Kay,  writing  in 
1828.  ventured,  however,  to  take  exception  to  some  of  the  expressed 
TOWS  regarding  drift  bowlders.     He  wi.sely  suggested  that  since  the 
qteculative  part  of  geology  is  but  a  series  of  hypotheses  we  should  in 
every  case  admit  that  which  explains  the  phenomena  in  the  simplest 
-posBible  manner.     To  his  mind  the  simplest  manner  of  explaining  the 
presence  of  Ijowlders  of  primitive  rocks  scattered  o\er  ii  secondary  or 
:  illiivial  region  was  to  suppose  that  such  had  been,  as  igneous  materials, 
>«][truded  through  all   superincumbent  strata,  forming  peaks  which 
ffcive  since  been  destroyed  by  some  convulsion  of  nature  oi'  hy  the 
KtiiHtless  tooth  of  time,  the  bowlders  thus 
[bang   but   fragmonti*   which    had   escaped 
jJestnK'tion,  though  their  place  of  extrusion 
become  <'Oiiipleteiy  obscured. 
Hayden's  carter  was  varied  and  interest- 
Early  thrown  on  his  own  resources, 
an   ardent  desire  for  knowledge  and 
iviug  foi'  travel,  he  went  to  sea  at  the  age 
fourteen,  making  two  voy^es  to  the  West 
Indies,  after  which   he   re- 
«ck  af  iiBjdMi.     turned  to  bis  school  and  his 
books.    When  sixteen  years 
■ge  he  was  bound  out  to  an  apprenticeship 
th BD  architect,  with  whom  he  serxcd  until        ^°- "-««"«< «■  H-y"'-. 
reached   his  majority,   when  he  once  more  sailed   for  the  West 
dies  and  established  himself  at  Point  a  Pitre  in  (xuudeloupe  Island, 
8  of  the  Lesser  Antilles.     Ill  health,  however,   finally  drove  him 
A  to  America,  where  he  found  employment  in  his  pi-ofeswion  in 
kmoecticut  and  New  York,  with  occasional  intervals  of  tea<;hiiig,  in 
■bch,  it  was  stated,  he  was  very  successful. 

Through  accident  his  attention  was  turned  to  dentistry,  and  with  no 
Idiminary  training  and  only  such  knowledge  as  could  be  gained  by 
ling,  he  established  himself  in  the  practice  of  that  profession  in 
Uthnore,  nomewhere  about  1824,  l«'ing  then,  it  will  Iw  observed. 
Kween  fifty  and  sixty  years  of  age.     In  this  work  he  is  represented  as 
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being  highly  successful,  ri.sing  rapidly  in  public  confidence  and  hold 
ing  the  highest  professional  rank  in  the  city.  When  the  American 
Societ}'  of  Dental  Surgeons  was  established,  he  became  its  firnt  presi- 
dent. Aside  from  his  profession  he  devoted  himself  to  studies  in 
physiology  and  pathology,  as  well  as  geology. 

To  Volne}'  and  Mitchill's  hypotheses  (mentioned  on  p.  232)  to  the 
effect  that  the  deep  gorge  of  the  Potomac  at  Harpers  Ferry,  of  tlw 
Hudson  at  West  Point,  the  Delaware  near   Easton,  the  Schuj'lkili 

northwest  of  Hamburg,  and  the  Susquehanna  below 

Wibon's  Exceptions    ,^        .   ,  ,  ,       *  .     , 

to  Hypotheaes off        llamsburg,  werc  torn  open  by  the  pressure  of  ww 

waters  of  Lake  Ontario,  Mr.  J.  W.  Wilson,  in  the 
Anu»rican  Journal  of  Science  for  1821,  took  exception.  He  gave 
altitudes  showing  that  the  waters  of  the  supposed  lake  could  never 
have  risen  within  5<K)  feet  of  the  summit  of  the  highlands  at  West 
Point  without  discharging  over  the  summits  of  the  mountains  at 
Harrisburg;  or  through  Lake  Champlain  into  the  Sorel  and  St.  I^aw- 
rence  before  rising  within  1,400  feet  of  Butler  Hill,  near  West  Pomt 
The.se  were  good  arguments,  but  the  explanations  offered  by  Mr. 
Wilson  were  in  themselves  bv  no  means  satisfactorv.  •'Is  not"  he 
wrote  "the  best  tlieory  of  the  earth,  that  the  Creator,  in  the  begin- 
ning, at  least  at  th(^  geiienil  deluge,  formed  it  with  all  its  present 
grand  characteristic  features  ? ''  To  this  th(^  editor  (Silliman)  responded 
in  a  footnote  that  "The  Creator  undoubt^idly  brought  all  matter  into 
being  and  established  the  laws  which  govern  it;  the  operation  of  those 
laws  then  is  always  a  fair  subject  of  discussion,  and  although  it  is  the 
shoi'tf'utt  it  is  not  the  most  JnHfrui'th't^  course  to  cut  th^  kfiot  where  it 
mav  be  ff/tff\(//' 

Early  ac(!ounts  of  the  geology  and  mineralogy  of  North  America 
were  eagerly  seized  upon  by  foreign  scientists,  as  well  as  those  inter- 
ested from  a  spirit  of  gain  only.  Thus,  in  1822  there  was  published 
in  Hamburg,  in  the  form  of  a  small  octavo  pamphlet  of  124  pagers,  a 
series  of  extracb^  from  the  American  Journal  of  Science  and  Jouma 
of  the  Academy  of  Natural  Sciences,  entitled  Beitrage'  Zur  Mineral 
ogie  u.  (i(»()logie  des  Nordlichen  America's  nach'  Amerikanischei 
Zeitschriften  bearbeitet  von  Heinrich  von  Struve.  The  articlej 
absti*acted  wen*  Schoolcraft's  account  of  the  native  copper  on  the  nortl 
shores  of  Lake  Superior;''  A.  (?.  J essup's  geological  and  mineralogica 
observations  on  a  portion  of  the  northern  border  of  New  York; 
Vanuxem's  description  and  analyses  of  the  Wollastonite  (TaffeLspath's 
of  Willsborough,  New  York;''  John  Dixon's  mineralogical  and  geo 
logical  obseivations  on  a  part  of  North  and  South  Carolina:  Gerar< 
Troost's  description  of  a  inin(»ral  resembling  aml)er  found  in  the  sand 

"  Arnvrioiu  Journal  of  Scieiut',  III,  1S21,  No.  2. 

^  Journal  of  the  Academy  of  Natural  Sciences,  Phila<lelphia,  DoceuiLier,  1821. 
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of  CmiK)  8able:  "  iind  iiusccllaneuii^  iiotts  on  tlic  yeolog_v  and  ininoriil- 
ug\  of  North  Aiiii>ri(')i  from  the  same  (mblishcrs,''  There  wa«  also 
pveiia  <lei5crij»tion  of  a  colU'ction  of  North  Aiiiei'i<-aii  minenils.  A 
littW  over  four  pageu  were  devot«'d  to  a  dejicriptioii  of  tiv>  marl>I<>N  of 
Penasvlvania;  Conneetivut:  Venuont;  Stotrkbridye,  Ma-sMachiisetts: 
and  Thonmston,  Maine,  the  descriptioas  being  natnmlly  limited  to 
xpeeimcns  and  not  to  their  otcurrence  in  the  field. 

Id  18:i2  Dr.  Thomas  Cooper.  preMideiit  of  Soutli  Carolina  C'olleye, 
pahlisbed  in  the  Amerioan  Journal  of  Science  an  article  of  nearly 
forty  pages,  giving  his  views  oti  volcanoes  and  volc-anic  suljstancos. 
_  i^„-_.  H^  detined  a  volcano  a-s  a  natural  vent  in  the  crust  of 
i^mcmxnatv  the  earth,  made  by  subterranean  fires  to  afford  exit 
f<>r  gases,  vapors,  and  solid  substances  that  have  beeit 
exposed  to  the  action  of  intense  heat  in  the  bowels  of  the  e^rth.  The 
sut  of  the  volcano  he  believed  to  be  lielow  or  within  the  oldest  gnui- 
ite.  In  action,  the  volcano  is  dest-ribed  as  giving  off  smoke  and  tlamc 
derived  from  contact  with  ctwl  strata,  the  eruption  l)eiiig  usimlly 
MGOiupanied  by  electric  light,  the  source  of  whith  he  iicknowlcdged 
u  problematical.  Compared  with  all  this 
error,  his  recognition  as  lavas  of  the  [wr- 
phyries  in  the  vicinity  of  Itoston  and  the 
Triassic  traps  of  the  eastern  L'nit^'id  States 
fituidn  out  in  remarkable  contrast. 

Cooi»er.  or  "  Old  Coot,"  as  he  was  called 
during  the  period  of  his  activity  at  the 
South,  seems  to  have  iK^en  a  queer  char- 
ifter — "  a  leanied,  ingenious,  scientific,  and 
talented  madcap."  a«  President  Adams  is 
said  to  have  called  him.  He 
siMcft  Df  caopcr.  was  not  a  geologist,  e.vcept- 
ing  in  books,  but  rather  an 
educator  and  theorist.  He  wa.s  lK>ru  in 
London  in  1759  and  educated  at  Oxford, 

where  he  paid  chief  attention  to  the  dassicis.  though  his  inclination 
ng  for  the  sciences.  He  came  to  America  in  17!t.5  and  settled  down 
for  a  time  to  the  practice  of  law  at  Northampton.  Pennsylvania. 

A  restless,  aggressive  spirit  soon  took  him  into  the  political  field, 
where  the  violence  of  his  newspaper  attacks  caused  him  at  one  time 
to  lie  imprlwned  for  six  mouths  and  fined.  After  his  release  he  wiui 
ippointed  first  land  commissioner  and  then  judge.  I>ciiig  removed 
from  the  latter  office  for  arbitrary  «ronduct.  He  then  turned  his 
attention  to  chemistry  and  became  in  turn  professor  of  chemistry  in 
IKckinson  College  in  Carlisle,  profes.sor  of  chemistry  and  mineralogy 
in  the  University  of  Pennsylvania  in  Philadelphia,  and  professor  of 
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iheuiistry,  ininenilogy,  natural  philosophy,  and  law  (I)  in  the  Univer- 
sity of  Virginia.  At  the  last  named  place  he  served  from  1817  to 
1820,  being  finally  forced  to  resign  on  account  of  the  opposition  to 
his  liberal  teachings  on  the  part  of  the  Presbyterians. 

From  Charlottesville  he  went  to  Columbia,  South  Carolina,  where 
he  served  as  professor  of  chemistry  (182<>-21)  and  then  as  president 
(1S21-1834),  being  here  again  compelled  to  resign  for  his  violent  liber- 
alism in  matters  relating  to  science  and  religion.  Que«rly  enough,  a 
committee  appointed  by  the  State  l(»gislature  in  1881  to  investigate  his 
conduct  with  a  view  to  his  removal  failed  to  make  out  a  c^ase,  and  the 
charges  were  dismissed. .  His  final  undoing  would  seem  to  have  been 
parallel  with  that  of  the  sick  man  whose  aise  his  physician  was  unable 
to  diagnose  specifically  and  the  record  of  whose  death  was  put  down 
to  '^general  cussedness." 

Cooper,  as  above  noted,  was  not  a  geologist,  as  the  term  is  now 
used,  but  comes  in  for  recognition  here  on  account  of  the  prominent 
part  he  played  in  early  educational  movements  relating  to  the  intro- 
duction of  the  science  in  th(»  universities.  It  was  through  his  influence 
that  the  chair  of  geology  at  the  South  Carolina  College  was  established, 
to  which  Vanuxem  was  called  in  1821,  and  Le  Conte  in  1857.  At  the 
time  Cooper  assumed  the  reins  in  Columbia  geology  was  taught  at  no 
other  institution  in  America  except  Yale,  and  the  only  available  text 
books  were  the  reprints  of  BakewelPs  geologies  with  Silliman's  notes. 
To  the  latter,  on  account  of  the  accepUition  of  Mosaic  doctrines,  Co()i)er 
tot)k  violent  exception,  and  attacked  them,  first  in  lectures  to  his 
classes  and  subseciuently  in  his  pamphlet  on  The  Connection  l)etweett 
Geolog}^  and  the  Pentateuch  (published  in  1833). 

A  man  of  powerful  intellect,  but  a  reckless  busybody.  Bold  and 
aggressive,  ho  '•  walked  roughshod  over  men's  opinions  and  suffered 
the  iiH^vitable  c<)nsequenc(»s.-'  His  personal  appearance  must  haver 
been  as  peculiar  as  his  conduct.  ''He  was  less  than  5  feet  high  and 
his  head  was  the  biggest  part  of  the  whole  man.  He  was  a  perfect 
taper  from  the  side  of  his  head  down  to  his  feet.  He  looked  like  n- 
wedge  with  a  head  on  it,''  is  the  way  it  is  expressed  by  one  of  his  old 
pupils. 

The  credulity  of  even  the  scientific  men  of  this  date  (1822)  can  not 
})e  better  ilhistrated  than  l)v  referriniif  to  an  account  bv  Schoolcraft  of 
the  finding  of  supposed  human  footprints  in  limestone  belonging  to 

the   ''Secondarv"  formation  (I^wer  Carlx)niferou8), 

Supposed  human  ^1*11.^1       t**-      •      •        •  t».  ^  o.l    t 

footprints  in  on  tlic  west  !)ank  of  tiie  Mississippi  Kiver  at  St.  Louis. 

These*  so-called  footprints  (see  fig.  14)  were  de^cril)ed 
as  those  of  a  man,  standing  erect,  with  his  heels  drawn  in  and  his  toes 
turned  outward.  The  distiince  between  the  heels  by  accurate  measur 
ment  was  ()i  inches,  and  between  the  toes  13^  inches.  Attention  was 
culled  to  the  fact  that  the  impressions  were  not  those  of  feet  accus- 
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tomed  to  H  flusc  uhoe,  the  tues  lieing  too  much  ;spiviul  iiiul  llie  foot 
flattfiifd.  Thf  length  of  the  foot  was  lOJ  inches,  width  ncratu  the 
spreud  toes  +  inches,  aiitl  iit  the  swell  of  the  heels  2^  inches,  i'nhlic 
attention  whs  lirst  called  to  these  printN  hy  the  Rev,  Frederick  Kapp. 
the  he»d  of  the  religious  sect  "Hannonites,"  who  had  thorn  removeti 
to  his  village  <if  Harmony,  and  who,  it  is  said,  taught  that  they  were 
the  impressions  of  the  feet  of  the  Saviour, 

According  to  Si-hoolcraft,  every  appearance  warranted  the  conclu- 
sion that  the  impressions  were  made  at  a  time  when  the  nK-k  was  soft 


enough  to  receive  them  hj-  pressure,  and  the  marks  of  the  feet  were 
natural  and  genuine.  In  this  opinion,  he  suited,  (tovcnior  Cass  coiii- 
'ided.  Ho  acknowledged,  however,  thci-e  were  difiiculties  in  the  way 
of  accepting  this  lielief,  and  one  of  these  whs  the  want  of  trucks  leiid- 
JD^  to  and  from  them.  Ho  could  only  account  for  this  on  the  supjxi- 
si^on  that  the  toe  prints  might  have  pointed  inland,  "tn  whichca.se  we 
Khmild  be  at  liberty  to  conjecture  that  the  person  making  them  had 
luded  from  the  Mi^Hissippi  and  j)rocceded  no  farther  intotW  \'[vU>'v\ov  ■" 


^-.ni'j^^-iuiii:  M**-  -'•*':•.•'.":':•-   :  f-=-7'H;   ▼-.-.:   im   ijii  Tv^gmidna  them  ai } 
fTuii-it...   'J jr.   ;_-*  .•••*«.••. *•..-  '.^j^r*^:  j  "»-^!r»   sic  <i«:£;iefii  i<*  coovioeei 

^  «.■  f^u-'U'  ''-w'cx.-^:  it-^^-fcM--'^'  H'.^'tfcr  F-^Kj-rsiii-'  ia  Solid  Lime-  : 
</'.H,*,  VI J'-,  ^y^f^ntr^-:  ',:.  :ii-  A::>"r:-^afl  J'-crsnu  -•f  ^wiieocg  of  tint 
.tfcV.  ^p^^.  r.r^-r*  >^  rl'^i  :t'^  icc«^rkf>r^  •>f  c£k- tra^ek^w  and  quoted 
i,rjfr  '^Ar  ..■<-♦  vf  M^r.-r*-.  Tr  AyC.  *^;. .  ;^:>:  Lic**GHiir  tM  the  effect  thit 
T.ji*-  or*-  vf  »r-'v5fc.  -.r-r!'.,  Ti--  Ff,jrl-*c.  pikieotttologis^,  Mantril, 
» *.* ,  Vx » *- 1  *-? ,  !  'y i: - f>*:  T.F>  t :>-  ••p: r. k-t  vf  >^£^: •.•b--nifl.  Oven  himself 
^^'•^i'XZ  \tif-  ^rvr«:•  ^-  artiii«:uil  f*>r  •e-v*^eiciaJ£v'  the  ^ame  rea&ond  at 
^v,M^  fcC'^jjf:*^:  •,;.  IV-f:t/^f..  :♦-  th-r  li-tfect  loat.  iir*i.  the  footprints  were 
ijfA  'Yrf-Swr- */iirji.».  '*<.?  ;w^>ijitr''i:  -f<.i.r^i^  thi*  wat*  'iut  %  ^itarr  instance 
'/5  %u:ijsk(.  f-'^^pnrif-  Ir*  -^^lii  Jinir^D-n-^-:  third.  hiF'riimM  not  conceive  of 
•^>'  •  #»f,  ^rffU'^Ai^iioti.  '/f  '-v^mj^ict  Hiur-^one  after  having'  reoeived,  ' 
rthii^  ',:,  n  itbk^u:  •lat^.  ii-w:h  ioipre-^'riob**:  and.  k<t.  because  of  the  age, 
taint*',  ar>^  [x^ition  of  tb^  r^x:k«  and  ^jecau*^  no  hoiuui  nemaini*  had 
Hffth^rto  '9*-*-%%  diw  over^i  in  any  similar  formation.  He  r^parded  them 
a.*  ttsn'/ifi'fg  >rhf.n  frarvf^i  Sy  aUjri^ne>  with  ^tone  implements.  In  this 
h*r  wa-  ')o»i^#tl#r^•  '-orr^rt. 

^X  inf*'r*r-t  at  thi-  tiinf.  a*  b^^ring'  upi>n  the  subject  of  faulting  and 
*\\^\f\*Af'^'Ui*'ui.  i-  a  |isijM-r  in  the  American  'loumal  of  Scienif*  by  D.  H. 
fV»rrf<".  'ontairiinj^  a  geoki^fi'-al  <r^.*tion  of  the  Canaan  Mountains  in 

^  "onii^^'ticut.  tojr*'ther  with  olwervations  on  the  :?oils 
lifuiktSu^tnii*      of   the    rr-jfion.     In    the   explanation  of   hijs   section, 

\f*-i£mu\u*/  at  the  lx)ttonu  the  Jieds  are  de^ic^ibed  n» 
M/^rlay  hmui  y^li\t  U;wl<l<'r-r:  (2;  transition  liniestcme:  (8)  white  quartz^ 
y:riit\\u^  ou  ouf  -id**  into  liimr--tono  and  on  the  other  into  clay  slate; 
M;  -bif<-:  iif)  j^ruywa^rke  slat**.  Thf  >tnita  then  repeat  themselves  in 
the  -affKf  or^i-r,  thi*  ^ray  wacki*  slat**  forming  the  summit  of  the  knOb. 
'lh<'  t'lit'irt'  formation  is  dcfSi-ril>i*d  a^  appearing  '"to  have  l)een  broken 
off  froui  tlifr  pririiitivf*  tract  on  the  east  of  it.  and  to  liave  sunl^en 
down  ufKiiit  oni'  tliouMind  fet^t  ]K*rf>en<ii(*ularly.'^  Regarding  the  beds 
and  llM'ir  a^^rt^H'iation.s  on  IlanccN'k  Mountain,  he  concluded  that  the 
Htrata  on  tli<^  top  of  the  niountain.s  niitrht  l)e  considered  as  origin- 
ally part-^  of  th<*  siiuu'  \hhI  now  at  tho  Imse  of  Canaan  Mountain, 
wiM'Mr*'  tlM'V  had  ••lM*<»n  disrupted  by  some  mighty  force/Hhe  eastern 
pari  n'mainiiij^  firm,  while  tho  western  settled  down  to  its  present 
position.  Referring  to  Mac'iure's  map,  he  found  that  the  two  formn- 
tiofiH  di^'ussed  "butt  against  each  other  in  a  line  nearly  straight  for 
more  ilifin  iiOO  miles."  This  he  accounted  for  by  supposing  *Hhat 
some  mij^htv  convulsion  has  rent  asunder  the  continent  from  the  St 
I^iwrence  to  the  occmui,"  though  what  this  force  may  have  been  he 
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left  for  others  to  decide.  He,  however,  thought  it  probable  that  it 
operated  from  beneath,  "and  that,  after  it  had  opened  for  itself  a 
Tent,  and  escaped  through  the  rift  cauHod  bv  its  action,  the  rock 
strata  of  the  western  part  fell  into  the  cavity  which  had  previously 
contained  the  imprisoned  agent.'" 

In  1823  Dr.  John  J.  Bigsliy,  a  surgeon  of  the  British  army  stn- 
tioned  in  Canada,  rejid  ^)efore  the  Geological  Society  of  London  a 
paper,  sub8e<iuently  published  in  their  transju*tions,  on  the  (leology 

and  (xeography  of  Lake  Huron.  He  noted  that  the 
SSSi!i'*i823^  *"  rocks  of  the  north  shore  of  the  lake  were  nuiinly  primi- 
tive—granite, gneiss,  basanite — ([imrtz  rock,  conglom- 
erate, and  greenstone.  The  other  shores  were  described  as  occupied 
by  secondary  nxjks,  frequently  fossiliferous,  which  hv,  regarded  as 
forming  part  of  an  immense  basin,  which,  ''extending  probably 
without  interruption  from  the  southern  shore  of  Lak(»  Winnipeg, 
spreads  itself  over  the  greater  part  of  lakes  Superior,  Huron,  and 
Simcoe,  the  whole  of  lakes  Michigan,  Erie,  and  Ontario,  nnicli  of  the 
western  part  of  the  State  of  New  York,  the  whole  of  th(»  States  of 
Ohio,  Illinois,  Indiana,  and  Michigan,  and  the  rest  of  the  valley  of  the 
Mississippi."  On  Thessalon  Lsland  was  found  a  new  species  of  Ort/u)- 
crratitr^  which,  though  described  and  figured,  was  not  named.  Drum- 
mond  Island  yielded  also  corals  and  a  trilobite — Ana phm<  plat iiLu^j>h<iluH. 
Naturally  no  attempt  was  made  to  determine  the  relative*  ag«'  of  the 
rocks  bv  means  of  these  fossils. 

In  the  year  following.  Doctor  Bigsby  had  an  article  in  the  Annals 
of  the  Lyceum  of  Natuml  Histor\^  (New  York)  on  the  geolog}'  of 
Montreal.     He  described  the  lowest  rock  of  the  region  as  a  trap  of  a 

kind   unique  in  the  Canadas,  and   illustrating    '"in  a 

5S5rtfiff*i8Sf?'^  l^^^^i^if ^^1  manner   the  affinity    existing   between  the 

formation  of  which  it  i.s  a  meml>er  and  the  primitive 
class  in  general." 

A  horizontal  shell  limestone  of  a  bluish -black  color  he  noted  as 
forming  the  floor  of  the  plain  surrounding  the  hill  on  which  the  city 
stands,  and  through  this  hill,  as  a  center,  the  passage  in  all  directions 
of  a  large  number  of  trap  dikes. 

The  sandstone  of  St.  Ann's  he  rightly  described  as  underlying  the 
limestone,  and  noted  the  presence  of  fossil  L'nujulu^^  Drehnttuhi^, 
Tril4)bites^  and  Orthoceratites. 

In  the  consideration  of  the  sands  and  gravels  constituting  \\w  so- 
ailled  alluvial,  he  followed  the  trend  of  opinion  of  his  time,  regarding 
them  as  products  of  the  vast  inland  seas  which  succeeded  the  deluge. 

The  coastal  plain  of  the  Eastern  United  States,  which  up  to  this 
ime  had  been  studied  in  detail  onlv  bv  Maclure  and  H.  H.  Havden, 
vas  in  1823  made  the  subject  of  a  special  essay  by  John  Finch,  then 
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professor  of  ^oolojifv  and  mineralogy  in  Birmiu^haui,  England.    This 

appears  to  have  been  the  first  attempt  at  a  subdi- 

Flnch'.  Subdivision      \K  4:    .u       t-     ..  j  ..  1    ^u    •  •     ra 

off  the  Tertiary.         vision   of   the    lertiarv  deposits   and   their  scientific 

1H23. 

correlation,  and  was,  beyond  question,  the  most  impor- 
tant contribution  to  the  stratigniphy  of  the  region  that  had  thus  far 
appeared. 

From  an  examination  of  all  available  data,  as  well  as  from  a  per- 
sonal inspection  of  a  part  of  th(»  areji.  Finch  was  led  to  (*oncludetbat 
this  formation,  as  existing  in  America,  was  identical  and  contempow- 
neous  with  the  newer  Secondary  and  Tertiary  formations  of  Europe 
tiiul  other  countries. 

In  this  same  ^M^ar  Finch  gave  also  a  short  sketch  of  the  geology  of 
the  country  near  Easton,  Pennsylvania,  his  paper  being  accompanied 
by  a  small  colored  map  and  catalogue  of  minemls.  According  to 
J.  P.  Lesley,  this  was  the  first  paper  on  the  geology  of  Pennsylvanii 
to  appear  in  the  pages  of  the  American  Journal  of  Sc^ience. 

The  paper  on  the  coastal  plain,  above  noted,  is  by  all  means  the 
most  importiiiit  of  Finch's  geological  publications,  though  in  the 
American  Journal  of  Science  for  1826  he  had  a  brief  ''Memoir 
{S^  pages)  on  the  red-brown  sandstones  of  the  Connecticut  Valley  and 
New  Jersey,  where  he  expressed  the  opinion  that  such  should  be  con- 
sidered as  belonging  to  the  new-red  or  variegated  sandstones  of  Euro|)C 
rather  than  to  the  old-red,  as  contended  by  some.    In  this  he  was  right. 

In  1823,  too,  Denison  Olmsted,  '*a  Connecticut  school-teacher," 
was  authorized  by  the  president  of  the  State  board  of  agriculture  of 
North  Carolina  to  make  a  g(*ological  survey  of  the  State.     This  act  i* 

sometimes  n^f erred  to  with  sectional  pride  as  Mng 

Olmsted's  Work  In         ,        .  ,  .  1         >.^  . 

North  Carolina,         the  faist  suivcv  unclertiiken  under  l^tate  auspices." 

1823.  '' 

Olmsted's  tirst  report,  a  pamphlet  of  44  pages^ 
appeared  under  dat<^  of  1824  and  was  niainlv  of  an  economic  character- 
dealing  only  with  the  di^triimtion  in  the  State  of  such  substances  a^ 
graphite,  gold,  coal,  and  building  stories. 

His  second  n^port  appiMired  in  1827,  but  bore  on  the  title-page  tho 
date  1825.  lie  naturally  dwelt  upon  the  agricultuml  possibilities  of 
the  countrv  and  the  suitnbilitv  of  its  limestones  and  marls  for  ferti- 
lizing  i)urposes.     Some  space  was  devoted  to  the  great  slate  formation  * 

"Thf  work  of  I^atoii  in  New  York  in  1824  was  the  first  sufficiently  thorough  ami 
svHteniatic  survey  t<>  l>e  dignified  as  a  ge(>logieal  survey,  tliough  as  this  was  done 
under  the  i)atronage  of  Hon.  Stephen  Van  Rensselaer,  it  can  not  1)6  considere<la 
I)ni)lic  survey.  To  Massiiohu setts  credit  must  W  given  for  the  first  geological  survey 
made  at  the  expense  of  tlie  State,  the  same  l>eing  ])egun  under  the  direction  of  Rev. 
>>lwanl  lliteh('0<-k  in  KS.SO.     (See  p.  'M7.) 

'M)lmsted's  great  slate  formation  lies  west  of  and  ))arallel  with  the  freestone  coal 
formation  (Triassie)  occupying  more  or  less  of  the  counties  of  Person,  Oranf!e, 
(^hatham,  Rand<»lph,  Montgomery,  ('a}>arrus,  Anson,  and  Me<'klenburg  and  corre- 
sjjonds,  therefore,  t<>  the  Iluronian  of  Kerr  and  recent  workers. 
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iiH-ludc(l  it>cks  and  minerals.  He  noted  tlmt  the  "whole  sec- 
country  from  the  great  slate  formation  to  the  Blue  Kidge"  i» 
-.  containing  numerous  subordinate  formations,  such  as  niica- 
d  greenstone,  with  l>edM  of  iron  ore,  etc.,  and  described  with 
itai)  the  Natural  Wall  of  Rowan,  which  was  supposed  by  early 
Tn  (see  p.  255)  to  l>e  the  work  of  human  hands,  but  which  he 
ascribed  to  the  natural  jointing  and  decomposition  of  a  ba.<tic 

rock.  The  "petmliar  assemblage  of  rwkn  that  cnwM  the  l>nn 
t  But'kingbani"  he  classed  as  ti-ansition. 

■(  "  conclusion  "  he  remarked  that  "  the  rocks  are  not,  as  in  most 
>untrieji,  particularly  New  England,  exposed  on  the  surface,  but 
f  generally  concealed  by  a  thick  covering  of  (day  and  sand." 

rightly  regarded  as  having  re.sulted  from  the  decomposition  of 
its  themselves,  and  not  due  to  a  deluge  of  waters,  "'as  might 
be  thought." 

ted  was  not  primarily  an  investigator.  He  himself,  as  we  are 
sd  by  his  biographer,  always  regarded  it  aw  his  more  appro- 

phere  of  effort  not  so  much  to  cuiti- 

vate  science  as  to  teach  and 
OkBMtod.  diffuse  it.  Graduated  at 
Yale  in  1813,  and  for  a  time 
ed  as  tutor  there,  he  in  1817  was 
ed  to  the  chair  of  chemistry  in  the 
iity  of  North  Carolina.  While  here 
:eived  the  idea  of  a  State  geological 
neralogical  survey  and  laid  the  plan 
the  board  of  internal  improvements 
,  with  the  offer  to  himself  perform 

ire  work  gratuitously,  asking  only 

ropriation  of  $100  (to  be  afterwards 

d  or  not  at  the  pleasure  of  the  board), 

ij  his  necessary  expenses  in  traveling. 

'oposition  was,  however,  declined,"  only  to  be  renewed  a  year 

later,  with  the  result  that  in  1H23  the  assembly  authorized  the 

>f  agriculture  to  have  such  a  survey  made  and  appropriated  the 

$250  a  year,  for  a  period  of  four  yeai-s,  to  carry  it  out.     The 

-ring  to  this  failure  to  secure  tuwietance,  Olmeted,  uniier  liuU:  of  January  St, 
;ite  to  a  friend:  "But  the  Legislature  (the  Senate,  I  mean)  haw,  it  seeina, 
e  any  trouble  on  their  account.  I,  however,  feel  most  highly  gratified  and 
ncouraged  at  the  handnome  manner  in  which  my  proposition  was  treated  hy 
(1  of  Improvement;  and  the  readiness  with  which  the  resolution  wafi  adopted 
kimmoDS  inspiree  the  hope  that  something  may  yet  be  accomplielieil  at  the 
cpeose.  Bnt  my  feelings  are  too  much  interested  in  this  projei't  to  yield  ti> 
ipe;  I  hope  to  do  something  hy  my  own  exertions  nest  summer,  ami  truct 
litality  of  the  people  of  the  State  will  make  amends  for  my  jioverty.  If  1 
(an  I  think  I  can)  on  the  charily  of  the  people,  I  don't  know  whAt  need  1 
re  of  the  pabUc  money;  for  Mr.  M says  he  will  lend  me  a  honA." 
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w\nk  thus  inau*runit<»(l  was  interrupted  in  1S25  l>y  his  call  to  tl»e 
professorship  of  niathoniatirs  and  natural  philonophy  in  Yale  College, 
hut  was  taken  up  again  ahnost  inunediately  by  Dr.  Eli^ba  Mitchell 
and  continued  for  two  yeai-s  ionji^er  (see  p.  285). 

The  mental  breadth  of  Olmsted  is  shown  in  the  fact  that  while  occu- 
pying this  position  at  Yale  he  prepared  in  1831  a  two-volume  work  on 
natural  philosophy,  a  text-l)ook  on  astronomy  in  1839,  and  l)e(iune 
well  known  throughout  the  seientitic  world  through  his  papers  on 
meteoric  showers  and  the  zodiacal  light. 

Of  his  personal  character  it  is  written: 

HiH  uuifonu  kindiieHH  and  roiirtesy  of  deiiieaiior  and  patience  in  imparting  iiuitiiK- 
tion,  the  excellent  moral  intlnence  wiiicli  he  always  exerted,  as  well  hy  his  coDsistent 
Christian  example  an  l)y  his  pergonal  eounselH,  the  genuine  friendlineflH  of  hiKdispon- 
tion,  and  the  unaffeetcid  interest  \vhi<*h  he  always  manifested  in  the  welfare  of  hk 
pupils — exi)e('ially  the  readiness  and  tidelity  with  which  he  encoaraged  and  aaai«ted 
any  who  exhi])ite<l  sjKH'ial  fondness  for  the  shulies  of  his  department — will  not  won 
l)e  forgotten  by  thost^  who  enjoyeil  the  l)eneiit  of  his  instructions,  and  esiiecially  by 
those  who  were  admitte<l  to  his  ela»»er  friendship. 

In  this  same  year  Edward  Hitt^hcock  published  in  the  American 
Journal  of  Science  a  sk(»tch  of  the  geology,  mineralogy,  and  scenery 
of  the  regions  contiguous  to  the  Connecticut  River,  the  same  being 

accompanied  bv  a  colored  geological  map  embracing 

Hitchcock's  Qeoloiry  nor  o 

oftheResion  an  area  some  80  miles  broad  by  150  miles  in  length. 

ContiflTuous  to  the  ,  i      i        ./*        •         *  i.   ^i  «  x 

Connecticut  River,      |  he  colorniiT  and  classincation  of  the  roc*,ks  were  not 

1823. 

strictly  Wernerian,  as  might  have  been  expected,  but 
an  attempt  was  mad«^  "to  give  every  particular  rock  that  position  and 
extent  on  th(*  map  which  it  actually  occupies  on  the  eai'th's  surface/' 
The  pai)er  was  devotiHl  mainly  to  a  discussion  of  the  lithological  nature 
and  geographic  distribution  of  the  various  rocks,  which  were  classed 
as  granit(\  gneiss,  hornblende*  slate,  mica  slate,  talcose  slate,  chlorite, 
syenite,  primitive  green  slate,  argillite,  limestone,  verd-antique,  old 
red  sandstone,  scH-ondaiT  greenstone,  coal  formation,  and  alluvion. 
IncidiMitally  he  discussed  their  possible  origin  and  relationship. 

The  granite  he  d(»scribed  as  occurring  in  beds,  and  regarded  it  lu 
])rimitiv(%  along  with  th(»  gneiss,  mica  slate,  and  the  greenstone  U 
the  w(»st  of  N«nv  Haven,  while  that  to  the  north  and  east  was  though) 
to  be  secondary.  Th(»  argillite  was  also  regarded  as  primitive,  on  ihi 
ground  of  its  being  highly  inclined  and  destitute  of  organic  remains 
The  red-brown  sandstone  now  known  to  be  of  Triassic  age  he  con 
sidered  as  tlu»  old-red  sandstone  of  Werner  and  Cleaveland,  but  dis 
cussed  th<»  possibility  of  a  |>art  of  it,  as  at  Chatham  and  Middletown 
belonging  to  the  coal  formation. 

He  chronicled  the  tinding  in  this  sandstone  at  Deertield  of  petrifac 
tions  belonging  to  the  genus  phytolit*'  and  to  the  species  Ift/nifr^HW 
agre(»ing  with  the  petrifactions  found  in  theCatskill  red  sandstones  b 
Eaton  and  referred  to  "'the  tribe  of  Naked  Vermes."     Fossil  bones  o 
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ail  auiiual  some  5  feet  in  length  were  also  mentioned  as  having  })een 
found  in  this  sandstone  at  EJast  Windsor." 

The  year  following  Prof.  Chester  Dewey  came  forward  with  a  paper 
in  the  same  journal,  A  Sketc»h  of  the  Geology  and  tlie  Mineralogy 
of  the  Western  Part  of  Massachusetts.  This  was  likewise  accom- 
ocwcy  on  tiie  panied  by  a  hand-colored  geological  map  designed  as  a 

^SmSnmScS^*^    Continuation  of  Hitchcock's  and  carrying  the  field  of 
**^*  observation  as  far  west  as  the  Hudson  River. 

Working  from  the  Hudson  River  eastward,  he  found  a  belt  of  transi- 
tion argillite  succeeded  by  a  broad  belt  of  graywacke  with  included 
areas  of  the  argillite;  this  followed  by  another  continuous  belt  of  the 
same,  and  then  one  of  transition  limestone  and  a  narrow  one  of  primi- 
tive argillaceous  slate  directly  along  the  border  line  of  New  York  and 
Massachusetts.  Beyond  this,  in  Massachusetts,  a  broad  belt  of  prim- 
itive limestone  with  included  areas  of  mica  slate,  <|uartz  rock,  and 
transition  shell  and  compact  limestone,  which  still  farther  to  the  east 
became  the  predominant  rock,  with  a  narrow  area  of  gneiss,  a  small 
one  of  granite,  and  one  of  talcose  slate. 

Tlie  most  pretentious  piece  of  fieldwork  accomplished  by  Amos 
Eaton  was  that  done  under  the  direction  of  the  Hon.  Stephen  Van 
Rensselaer  in  1824,  and  comprised  ageologiciil  and  agricultural  survey 

,     of  the  district  adjoining  the  Erie  Canal.     The  results 

Eaton's  Survey  of  ,  .  j  n 

theBrieCuMi,         of  this  survcy  were  published  in  a  quarto  volume  of 

163  pages,  which  was  accompaniexi  by  a  geological  sec- 
tion extending  from  Albany  to  Lake  Erie,  and  one  l)y  Edward  Hitch- 
cock from  Boston  to  Plainfield,  the  two  combined  enabling  Eaton  to 
give  a  continuous  section  all  the  wa^'  from  Lake  Erie  to  the  Atlantic 
Ocean  at  Boston  Harbor. 

To  judge  from  the  introductory  remarks  in  this  rc^port,  Eaton  had 
l>een  accused  of  a  disposition  to  create  new  names.  He,  therefore, 
here  announced  that  he  had  made  usi*.  of  European  names,  so  far  as 
possible,  but  had  found  at  least  five  distinct  and  contiiuious  strata, 
none  of  which  could,  with  any  propriety,  take  a  name  given  in  any 
European  treatise  which  had  thus  far  reached  this  country. 

He  found  along  the  line  of  the  canal  rocks  belonging  to  the  prim- 
itive, ti'ansition,  and  st^condary  series.  All  these  were  described  in 
considerable  detail,  but  almost  wholly  with  reference  to  their  litho- 
iogical  features.  When  fossils  occurred,  such  were  noted,  but  wen* 
not  utilized  &s  aids  to  correlation. 

The  prevalent  ideas  on  chemical  geology  are  well  brought  out  in 
t-ertain  parts  of  his  discussion.  H(»  r(»cogniz(»d  the  fact  that  many  of 
the  vallevs  were  excavated  in  the  softer  and  more  soluble  I'ocks,  like 


"Thf*e  bones  were  at  first  thought  to  V>e  possibly  hninun,  )>ut  \\\v  liiuling  <»f  tn  i- 
dencesof  a  tail  at  Iwist  5  (eet  in  length  caurted  the  abaudoniiient  of  this  ideal  { Amer- 
ican Journal  of  Science,  III,  1821,  p.  247.) 
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limestone,  and  that  carbonic  acid  holds  its  base  (the  lime)  with  a  tenure 
more  feeble  than  that  of  the  common  acids;  consequently  he  argued 
that  when  muriatic,  sulphuric,  or  nitric  acid  come«  in  contact  with 
limestone,  it  is  iumiediately  decomposed. 

We  have  vast  quantities  of  muriate  of  lime  in  our  wells,  springs,  etc.,  which  i^t 
very  soluble  Halt.  If  nature  has  now,  or  fonnerly  had,  any  metho<l  for  present- 
ing large  (luantities  of  muriatic  acid  to  the  lime  rocks,  they  would  of  course  be 
reduced  to  tliat  soluble  salt  with  great  rapidity.  Lime  rocks  w^ould  be  rapidly  dis- 
8olve<l,  leaving  valleys  between  those  rocks  which  are  subject  to  the  ordinarj-  diriii- 
tegrating  agents  only.  The  valleys  of  Adams,  Williamstown,  Little  Hooeiek,  etc., 
which  are  situated  on  limestone,  could  then  l>e  satisfactorily  explained.  If  the  com- 
mon opinion  tliat  the  ocean  has  stood  over  our  continent  be  received  as  true,  we 
have  only  to  add  one  more  conjecture  to  make  out  the  requisite  supply  of  muriatic 
acid;  that  is,  we  must  sup{>ose  that  the  ocean  at  that  time  contained  an  excess  of 
that  acid. 

In  spite  of  tulmonitions  by  Van  Rensselaer,  E^ton  insisted  in  indulg- 
ing in  a  theorizing  proi)cnsity,  although  he  would  not  acknowledge  it 
)»y  this  name,  claiming  that  he  but  traced  ^'a  few  of  nature\s  footsteps 
where  the  impressions  still  remain  entire.''  Finding  large  and  small 
masses  of  what  he  designated  as  calciferous  sandstone,  metalliferous 
limestone,  and  graywacke,  which  propi^rly  overlie  the  slate^  actually, 
as  he  thought,  embedded  in  it,  where  the  rocks  were  exposed,  as  at 
Cohoes  Falls,  he  would  argue  that  these  masses  fell  in  between  the 
slate  laminte  while  the  latter  were  in  a  semi-indurated  state. 

Eaton  noted  the  probable  ditference  in  age  between  the  red  sand- 
stones of  the  Connecticut  Valley  and  of  the  Cat^skill  Mountains,  which 
hitter  he  rightly  considered  to  belong  to  the  old-red  or  Deronian  forma- 
tions.    In  discussing  the  Saliferous  rock  occurring  near  Little  Falls 
and  extending  to  the  west  end  of  Lake  Ontario  in  upper  Canada^  and  its 
economic  importance,  he  was  disposed  to  argue  that  the  brine  springs 
issuing  from  the  same  were  what  be  called  ''the  daily  productions  of 
nature's  labomtor} .''      ''We  see,"*  he  wrote,  '-the  sulphur  in  iron 
pyrites  taking  oxygen  from  water,  and  thereby  becoming  sulphuric 
acid;  we  then  see  it  uniting  with  magnesia,  which  is  diffused  in  rocks, 
and  thus  forming  Epsom  salts.     *     *     *     We  are  all  familiar,  too, 
with  the  i)rocess  of  nature  by  which  alum  and  copperas  are  made. 
Why  may  we  not  suppose  that  the  two  constituents  of  common  salt 
(nuiriatic  acid  and  soda)  are  in  some  state  of  combination  in  the  rocks 
of  the  salt  district,  and  that  by  souie  of  those  double  decompositions 
with  wliich  nature  is  perfectly  familiar  salt  is  produced  in  the  liquid 
stated     May  not  this  be  the  cause  of  the  superior  saltness  of  the  brine 
springs  of  Salina  over  those  foreign  springs  which  are  supposed  to 
proceed  from  the  solution  of  rock  salt?" 

It  was  in  this  work  that  Eaton  introduced  the  name  "Calciferous 
slate ''  to  designate  the  slaty  rock  associated  with  gypsum  and  shell 
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aestone  occurring  as  the  principal  rock  forming  the  ridge  south  of 
B  land  from  Oneida  Creek  to  Pittsford.'' 

The  naturalist  Uafinesque,  as  might  have  been  expected,  did  not 
sitate  to  express  himself  on  subjects  geological,  his  ideas,  however, 
ing  a  strange  admixture  of  Wernerism  and  groundless  imagery. 

We  will  note  here  only  his  Annals  of  Kentucky,  which 
ms  off  lUflneMiac,  appeared  in  Humphry's  history  of  that  State,  pub- 
lished in  1824,  where,  as  Doctor  Peters  has  succinctly 
marked,  "  In  only  26  duodecimo  pages  he  gives  the  geological,  eth- 
>1ogicaU  and  historical  annals  of  Kentucky-  from  the  first  day  of 
"eation,  according  to  Moses,  down  to  the  current  year.'' 
The  geological  history  of  the  State  he  divided  into  six  periods,  the 
rat  being  that  of  a  general  inundation,  in  which  the  'M)riny  ocean 
>ver8  the  whole  land  of  Kentucky  and  the  United  States,  rising  above 
,000  feet  over  the  Cuml^erland  or  Sawioto  Mountains  and  5,000  feet 
ver  the  limestone  region  near  Lexington.'"  The  Organ  and  Mexican 
dountains  alone  in  all  North  America  rose  aliove  the  water  level. 

Through  a  gradual  decrease  of  the  ocean  and  the  decomposition  and 
consolidation  of  its  waters  the  various  rock  strata  were  deposited  in 
Sie  following  order:  (1)  Limestone;  (2)  slate;  (3)  sandstone;  (4)  free- 
stone; (5)  grit;  (6)  pebblestone.     These,  he  stated,  were  not  always 
superincumbent  or  coexistent,  though  generally  horizontal  except  the 
last  four  toward  the  Cumberland  Mountains,  which,  having  probably 
a  granitic  nucleus,  have  compelled  the  incumbent  strata  to  become 
''obliqual"  or  inclined  from  ten  to  thirty  degrees.     (In  this,  it  will 
be  noted,  he  showed  an  inability,  characteristic  in  his  day,  to  com- 


«The  following  reference  to  this  survey  appeared  in  the  American  Journal  of 
Sdence,  IX,  1825,  and  will  serve  to  show  how  Eaton's  work  was  reganierl  by  his 
contemporaries.  The  note,  it  should  be  stated,  was  signed  C.  D.  (presumably 
CheBter  Dewey) : 

"Mr.  Jeffrey,  the  principal  conductor  of  the  Edinburgh  Review,  has  obtained  the 
opbion  of  Professor  Buckland,  the  celebrated  author  of  the  Relicpihr  DUuviaiuv 
(jHiblished  in  1823),  on  the  above  work  of  Professor  Eaton.  In  a  letter  to  the  Hon. 
S.  Van  Rensselaer  Mr.  Jeffrey  has  given  the  result.  Mr.  Buckland  says  that  the 
'author  seems  both  to  understand  his  subject  and  to  have  done  his  work  carefully.' 
The  work  contains,  indeed,  abundant  evidence  of  extensive  and  i)atient  examination. 
This  point  will  not  be  affected  by  the  adoption  or  rejection  of  Mr.  P^ton's  peculiar 
views  by  our  geologists.  In  some  parts  there  is  an  evident  improvement  upon  some 
of  his  previous  publications  on  the  geology  of  our  country.  Thus,  at  page  31  and 
page 62  and  onward  we  find  introduced  'primitive  argillite,'  a  rock  K)  clearly  sepa- 
rated and  so  easily  distinguished  in  our  country  from  'transition  argillite,'  though 
both  are  united  under  the  same  name  by  Bake  well  and  some  others. 

•*Mr.  Bnckland  makes  some  objection  to  the  style^  and  complains  of  Mr.  Eaton  for 
'affecting  some  needless  novelties  in  technical  language.'  However  true  this 
chaige  may  be,  the  censure  is  feeble  when  compared  with  the  commendation  con- 
tained in  the  previous  quotation.  In  our  country  the  work  has  l)een  censurt»d  for 
this  faalt,  and  more  particularly  for  the  introduction  of  rocks  or  localities  which  4I0 
lot  belong  to  the  district  which  is  described.     In  this  way  unity  is  not  preserved, 
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prehend  the  etfect  of  subsetiuent  uplift  in  tilting  rock  strata.)  Bj 
tho  oi)emtion  of  subruarino  volcanoes  during  this  period  the  strata  of 
ooul,  clay,  and  amygdaloid  were  formed  and  intermixed  at  various 
intermittent  times  with  the  other  strata. 

During  the  second  period  the  Cumberland  Mountains  emerged  from 
the  sea,  the  waters  of  which  sunk  to  a  level  of  1,5(M)  feet  above  those 
of  to-day.  The  formation  of  the  schistose  rocks  proceeded,  vegetation 
l)egan,  and  streams  began  to  flow. 

During  the  third  period  the  level  of  the  water  was  reduced  to  1,10(1 
feet  and  all  the  table-lands  and  highlands  of  Kentucky  l)ecanic  uncov- 
ered. An  inland  sea  still  covered  the  Ohio  limestone  basin,  extendio); 
from  the  actual  mouth  of  Soiota  River  to  that  of  Salt  River.  Land, 
animals,  insects,  reptiles,  birds,  and  quadrui)eds  were  created  during; 
this  period. 

During  the  fourth  period  the  level  of  the  sea  was  reduced  to  700 
feet,  and  the  limestone  sea  of  Kentuckv  drained.  Alluviums  ani 
lK>ttoms  l)egan  to  form  in  the  valleys  and  gulfs  by  the  attrition  of  the 
strata  and  soil  conveyeil  and  deposited  by  the  streams.  Sinks  and 
caves  in  the  linnvstone  region  were  formed.  Lastly,  Adam  appeared 
in  the  Garden  of  Eden.  This  foui'th  j>eriod  of  Kentucky  history 
thereby  answered  to  the  sixth  day  of  the  geneml  creation. 

The   fifth   pi»riod    was   that   of    Noah's   flood,   though    Raflnesque 
acknowhnlged  he  failed  to  tind  an}-  tmces  of  such  a  violent  convulsion 
in  Kentuckv.     Tho  ocean,  which  still  bathed  its  western  corner,  sub-^ 
sided  to  ai)out  »W)  feet  above  its  present  level  and  abandoned  KeD- 

and  tlie  cniitinuity  of  tli<'  description  is  iinich  interrupteii.  \\V  <lo  not  object  to  thi* 
in  that  part  of  thr  work  t'lititlfd  '(ieneral  I>eHcripti(mH  of  Nortli  Aiiiericau  Rcx*fch 
thonjjrh  sonu*  have  said  tliat  these  ean  hanily  Indong.  in  a  general  view,  to  theto 
tri<*t  of  the  canal.  Hut  in  tlie  'Description  of  rocks  in  the  vieinity  of  the  Kit* 
Canal,'  |>ajre  47,  the  fault  often  occurs.  We  mention  tho  aei*ount  of  the  honihlend^ 
rocks  nt'ar  West  IN)int,  i>aj;e.5-l;  of  jrranular  «|nartz,  i>age8  6<i,  57;  of  gninular  Unit* 
stone,  pap's  r>7,  5s,  and  many  others  wliicli  are  not  found  near  the  line  of  the  («na1 
**  If  the  work  should  pass  to  a  .»<(»cond  edition,  which  is  hif^hly  ]>n)l>able.  and  eve* 
rendered  stmiewhat  necessary  to  makr  it  jus  complete  as  the  t<ul>se<]ueiit  exannnation 
of  I*rofe>Hor  Katon  enahle  him  to  do,  and  as  the  light  thrown  on  the  Hubject  of  th< 
newer  formations  by  the  very  able  work  of  ('onylx»are  and  PhillipH  on  the  (Jeolog^ 
of  Kngland  and  Wales  siM-uiS  to  re<|uire,  we  would  suggest  as  an  intfn'oirmait  oi  th< 
work  that  tlu'  notices  of  r<M'ks  which  are  n<»t  found  along  the  line  of  the  i-anal  b* 
onuttetl  in  this  j^nrt  of  the  work,  or  be  re<luce<l  to  the  liare  n^nark  that  they  do  nw 
occur  in  the  district,  and  that  the  remarks  and  l(M*idities  (»f  nx'ks  in  other  parti*o 
the  country  be  taken  from  th«*  text  and  lait  into  form  of  notes.     In  thix  wav  tli^ 

•  I  • 

I'ontinuity  of  geological  <lescription  of  the  <.'uuntry  along  the  (»nal  will  be  unbroken 
We  think  no  one  can  rca<l  the.  work  without  l)eing  pensible  of  it«  interert  anc 
imi>ortance  to  every  one  who  examines  the  rockn  of  this  distriet.  The  Ux^alitiee an 
given  with  much  precision,  and  the  tmveler  is  enabled  at  once  to  aaoertain  lh« 
rock^  intended  l»y  the  names  which  l*n)fess<>r  K.  has  given  them.  It  were  to  hi 
wislu'd  that  theconmion  nomenclature  of  the  rockn  had  been  altered  with  a  mor 
sparing  hand." 
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icky  forever.  Strata  began  to  coDsolidate,  ponds  and  marshes 
creased,  animals  multiplied,  and  vegetation  overspread  the  soil. 

The  sixth  period,  that  of  Peleg's  flood,  was  one  of  catastrophe. 
rreat  volcanic  eruptions  in  Europe  and  America,  with  awful  earth- 
oakes  convulsed  the  Atlantic  Ocean.  During  this  period  the  Atlantic 
tnd  disappeared  leaving  only  the  volcanic  islands — Azores,  Madeira, 
'anary,  and  Cape  Verde — to  mark  its  position. 

It  will  be  remembered  that  in  1793  Benjamin  De  Witt  noted  the 
reat  diversity  among  the  bowlders  along  the  shore  of  Lake  Ontario 
od  recognized  the  fact  that  such  must  have  been  conveyed  there  by 

some  extraordinary  means.     The  means  conceived  of 


oo  the  bv  De  Witt  were  indeed  extraordinary  and  nothinjf 

■Ml    1825  */  o 

less  than  a  ''mighty  convulsion  of  nature."  Peter 
K>b8on,  a  Connecticut  cotton  manufacturer,  writing  thirty-two  years 
iter,  showed  himself  a  better  observer  and  more  gifted  in  powers  of 
ieduction. 

In  a  letter  to  Benjamin  Silliman,  dated  November  21,  1825,^  Dobson 

lescribed   bowlders  which  were  unearthed  at  V^ernon,  Connecticut, 

nhile  excavating  preliminary  to  the  erection  of  a  cotton  factor}^  as 

^worn  smooth  on  their  under  side  as  if  done  b}'  their  having  been 

dragged  over  rocks  and  gravelly  earth  in  one  stead}'  ix)sition."    They 

Aso  showed  scratx'hes  and  furrows  on  the  abi*aded  parts.     He  could 

iGCount  for  these  appearances  only  by  calling  in  the  aid  of  ice  along 

irith  water,  the  blocks  having  been  worn  by  being  suspended  and 

earned  in  ice  over  rocks  and  earth  under  water. 

These  observations  seem  to  have  attracted  no  attention  at  the  time, 
mdeven  Edward  Hitchcock,  thirteen  years  later,  attached  no  s(Mious 
iDpurtance  to  them,  although  his  attention  was  called  to  the  matter  by 
mother  letter  from  Dobson,  this  time  addressed  to  Hitchcock  himself. 
In  this  second  letter,  written  in  1888,  Dobson  described  the  l)owlders  as 
bring  l)een  first  rounded  by  attrition  and  then  worn  flat  on  on(*  side 
fcf  amotion  that  kept  them  in  one  relative  position,  as  a  plane  slides 
•rcr  a  board  in  the  act  of  planing.  Some  of  them  he  describes  as 
^m  and  scratched  so  plainly  that  there  was  no  diflicultv  in  pointing 
«ut  which  side  was  foremost  in  the  act  of  wearing,  a  projecting  bit  of 
foartz  or  feldspar  protec^ting  the  softer  material  behind  it.  In  this 
fetter  he  again  announced  his  inability  to  account  for  these  appearances 
except  on  the  supposition  that  the  boulders  had  been  enveloped  in  ice 
•od  moved  forward  over  the  sea  bottom  by  currents  of  water,  Th(i 
drifting  icebergs  off  the  Labrador  coast  he  thought  might  well 
^iHustrate  the  conditions  and  methods  of  their  production. 

Perhaps  it  may  have  been  because  Dobson  was  a  cotton  nianufac- 
■tarerand  not  a  meml>er  of  the  learned  profession,  or  tluTo  may  have 

«Thia  may  be  found  in  Aiiiericaii  Journal  of  Science,  X,  lh2(). 

NAT   MUB  1904 IS 
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beon  other  reasons  for  it,  but  Ilitehcock  allowed  the  observations  to 
pass  unnoticed  until  1S42  when  the  subject  was  brought  up  by 
no  less  an  authority  than  Murchison,  in  his  anniversary  address  before 
the  Geological  Society  of  London.  "*!  take  leave  of  the  glacial 
theory/'  said  Murchison,  "in  congmtulating  American  science  in 
having  possessed  the  original  author  of  the  best  glacial  theory,  though 
his  name  has  Cvscajxid  notice,  and  in  recommending  to  you  the  tersse 
argument  of  Peter  Dobson,  a  previous  acquaintance  with  which  might 
liave  saved  volumes  of  disputation  on  lK)th  side^  of  the  Atlantic.^* 
Supported  l)y  this  somewhat  enthusiastic  indoi*sement,  Hitc*hcock  then 
gave  the  letter  to  the  public  through  the  American  Journal  of  Science,* 
though  at  the  same  time?  remarking  that  he  had  himself  derived  his 
ideas  concerning  the  joint  action  of  ice  and  water  from  the  writings 
of  Sir  James  Hall. 

April  25,  1823,  Maj.  S.  H.  l^ng  received  orders  from  the  War 
Department  to  make  an  expedition  for  a  general  survey  of  the  coun- 
try in  the  vicinity  of  the  Great  Lakes  and  the  sources  of  the  Missis- 

sipj)i;  to  prepare  a  topographic  description  of  the 
Expedition^  sauiei  to  ascertain  the  latitude  and  lonedtude  of  all 

18i23*1825. 

the  remarkable  points;  to  investigate  its  productions, 
animal,  vegetable,  and  mineral,  and  to  inquire  into  the  characteristics 
and  customs  of  the  Indians.  The  route  of  the  expedition  (see  map, 
tig.  IH)  beginning  at  Philadelphia,  w^as  through  Wheeling,  West  Vir- 
ginia, to  Chicago  l)y  way  of  Fort  Wayne;  thence  to  Fort  Crawford  and 
up  the  Mississippi  to  Fort  St.  Anthony,  and  the  source  of  the  St 
Peters  River;  thence  to  the  point  of  intersection  between  Red  River 
and  the  forty-ninth  degree  of  north  latitude;  along  the  northern  bound- 
ary of  the  United  States  to  Lake  Superior,  and  thence  homeward  by 
the  Great  Lakes. 

Although  not  intended  primarily  as  a  scientific  survey,  it  was  accom- 
panied by  Thomas  Say,  zoologist,  and  William  II.  Keating,  minemlo- 
gist.     It  was  exp(K't(»d  that  Dr.  Edwin  James,  who  with  Say  had  l)een 
a  member  of  the  expedition  of  1S19-20,  would  l)e  a  member  of  this^ 
also.  ))ut  through  failure  to  connect  with  the  paity  at  Wheeling  o^ 
Columbus  the  expedition  was  deprived  of  his  services. 

An  account  of  this  survey,  under  the  title  of  Narrative  of  ai' 
Expedition  to  tlie  Sources  of  St.  Peters  River,  etc.,  was  prepared  lO 
William  H.  Keating  and  published  in  two  volumes  in  London  in  182r> 
K«»ating,  it  should  })e  noted,  was  professor  of  mineralogy  and  chenii?^ 
try  as  a])plied  to  the  arts  in  the  rniversity  of  Pennsylvania,  an^ 
though  his  published  notes  contain  little  or  nothing  along  the  broa^ 
lines  of  trcH)i()<rv,  thev  are  full  of  references  which,  at  the  time  the? 
were  written,  were  of  value. 

"  AiinivtTsary  addroHti,  rr()('eo(liiig>?  of  the  (leological  Society  of  London,  1842. 
^  Volume  XLVl,  1S44. 
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le  reiiiHrked  on  the  dinuippeanmco  of  the  prirnitiv«  rocks  soon  aft«r 
in^  Pbiladelphiti  and  the  appearance  of  th^  transition  limestone. 


"iHi  iN-i'H.sH)nnl  protrusions  throiiffh  this  linioslonc  i>!  iiniphilxiliti'. 
Hp  al.xi)  made  refcivnc*-  l<i  the  ivti  simdstono  <if  IVnnsyhiinia.  New 
'ersey,  and  Maryland  and  the  rttlearfouM  breccia  found  on  the  Potomac 


1 
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River.  The  occurrence  of  a  white  marble  near  Hagerstown  and  i 
secondary  blue  limestone  in  the  vicinity  of  Cumberland  was  noted,  and 
some  attention  given  to  the  coal  formations  in  the  vicinity  of  Cumber- 
land and  Wheeling.  He  noted  further  the  occurrence  of  a  limestone 
containing  organic  remains  lying  in  a  nearly  horizontal  position  in  the 
vicinity  of  Chicago,  but  no  superjwsition  being  visible,  he  was  unable 
to  determine  its  relative  age. 

Concerning  the  lead  ores  at  Dubuque,  and  their  apparent  otvur- 
rence  only  in  the  alluvial  soil,  he  wrote: 

From  the  Hpe<*imen8  which  wu  have  seen,  *  *  *  we  can  not  hesitate  in  aasertr 
in^  it  an  our  opinion  that  no  k'4id  has  yet  been  dis(X)vered  (»n  the  Merrimeg  or  Mi» 
issippi  in  metalliferous  liint^tones,  but  that  wherever  it  has  been  found  it  hasal^'ajl 
l)een  in  an  alluvium  and  never  in  regular  veins  or  be<ls,  nor  even  in  niasses  which 
might  l>e  considered  as  coeval  with  the  sul)stanc*e8  in  w^hich  they  are  embedded. 

The  Cambrian  sandstone  found  between  the  Wassemon  and  the  Wis- 
consin rivers  he  regarded  as  not  older  than  the  variegated  or  Bftnt^r 
Handf<te!n  of  Werner  (Triassic),  and  the  Lower  Silurian  limestone  which 
lies  above  the  sandstone,  as  corresponding  to  the  English  Lias.  The 
whole  region  comprising  the  headwaters  of  the  Winnipeek  River  was 
looked  upon  as  having  been  at  a  comparatively  recent  period  ao 
immense  lake  interspei*sed  with  innumerable  barren,  rocky  islandSf 
which  had  been  dmined  by  the  bursting  of  the  barriers  which  tided 
back  the  waters.  The  innumerable  bowlders  which  he  found  covering 
the  vallov  wen*  regarded,  as  were  similar  bowlders  in  other  places  by 
his  coiitempomries,  as  due  to  the  flood  of  waters  caused  by  the  bursting 
of  these  natural  dams. 

This  was  plainly  a  rtu'ognition  of  the  extinct  glacial  Lake  Agassiz, 
later  descril)ed  by  Lieut.  G.  K.  Warren/'  and  the  history  of  which  was 
worked  out  in  detail  by  Warren  Uphani. 

Keating's  ideas  as  to  the  possibU*  development  of  the  mining  industry 
were  not  of  the  most  advanced  type.  Referring  to  the  subject  of  the 
su])posed  source  of  tlu»  native  copper  reported  by  Schoolcraft  (p.  244), 
he  wrote: 

The  (juestion  which  a|>|>ears  to  um  of  far  greater  inii)ortance  is  not  where  the  eopper 
lies,  hut  what  Hliall  we  do  with  it  if  it  should  he  found.  We  are  very  doubtful 
whether  any  othiT  advantajre  would  result  from  it,  at  leaf^t  for  a  eentury  to  come, 
than  the  mere  addition  in  books  of  science  of  a  new  locality  of  this  metal. 

This  in  18:^.3!  The  development  of  the  Michigan  copper  mines 
l)egan  about  1855,  and  up  to  1889  the  combined  mines  had  produced 
over  l,()0(),O()u,()()()  pounds  of  the  refined  metal.  The  output  for  1889 
alone  amounted  to  87.455, r>75  pounds. 

In  a  Notice  of  Snake*  Mill  and  Saratoga  Lake  and  its  Envii'ons,  by 
Dr.  ,1.  11.  StiM'l,  in   the  American  Journal  of  Science  for  this  ssun«* 


"American  .lounial  of  Science,  XVI,  1S78,  p.  417. 
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ear.  U  ti^ured  and  det^cribed  what  i.s  evidently  an  uvertnrned  fold. 
'bis  is  uf  interest,  aince  while  the  nature  of  the  fold  wan  pai'tially 

realized,  the  means  by  which  it  was  brouffht  about  wa8 
Similar  phenomena  had 

been  noted  by  Eaton  (p.  253)  and  by  Maclure,  hut  with 
lotiiiDg  like  as  mueh  detail.     The  writer  s&ys: 

It  is  impoaiibit-  to  examine  ttiis  Itx-ality  nithout  being  etrongly  impreffietl  with  the 
«liff  that  (he  podtion  whi(-h  tlie  ittrata  here  awiiime  cuiild  not  have  been  effei'te<l 
a  any  other  way  than  by  a  power  oi*rating  from  l)eneath  u|>wanl  aii<1  at  tlie  Haine 
ime  puwetwint;  a  proKrewive  fonv,  Boniethintc  nnalogouH  to  what  takea  plat^  in  the 
•recking  up  of  the  ice  of  large  rivere. 

^wconlinucilBwellingof  theatreani      ,__  _^     -.tj_-  _ _^^^ 

int  overcomes  the  resistance  of  it«  ^f~^  '~^- ^~"^- 

rtoen  Mirface,  and  having  elevated  "^^t,  ^^    ""^  ' 

t  ti.  a  certain  extent,  it  ie  forced        ^^^^-?^^       ^  -j,-i,r^ '^ 

nio  a  vertii«l  position,  or  thrown      ~  ^  '~'  _      —  ? 

tver  npon  tlio  unbroken  Mtrutum  l>e- 
bind,  by  the  pTOgreseive  power  of  the 

II  it  ivn  ))eaitmittedthat  theoi>er- 
ttiiinnf  Hucb  apciwerilidprndiu'ethe 
diect  here  n»pre»ente<i.  it  must  have 
hlten  pU(«  l>ef«re  tlie  materials  of 
wbich  thefrinnatioii  is  composed  liaii 
fHHil  into  an  imiuraled  Htate,  ax 
Bort  I  if  the  Btrala  remain  unbroken, 
liid.  where  the  urgillite  haH  cnim- 
bM  away,  the  tnirved  jiart  of  the 
|Kywu*ke  may  be  taken  out  entire, 
•ml  wime  of  them,  whii-h  1  now  have 
a  uiy  poHMWsion,  exhibit  indenta- 
bonfuid  prQtut>erance)<,  particularly 
M  Iheir  mrved  mirface#,  evidently 
the  result  of  friclion  while  in  a  plai^ 
tu'nate. 

The  description  isof  still  fur- 
tner  interest  historically,  when  (.unr  i,  ei  siism 

considei^d  in  connection  with 

the  dispute  relating  to  priority  of  diseoveiy  wliich  later  urose  betwi-f  n 
MeeHm.  Hitchcock  and  Rogers.     (See  p.  314.) 

The  fact  that  lock  strata  were  not  always  found  lying  even  approx- 
imately horizontal  had  been  ofU>n  noted,  hut  no  nttioniil  i-xplanaticm 
"Uggesfced  or.  indeed,  attempted.  In  that  year,  however.  Ma<  luri'.  in 
noting  the  fact  that  the  Transition  i-ocksdip.snggpsti'il 
the  possibility  of  its  being  caused  by  tlicir  havinji 
been  "disposed  on  the  primitive,  concerning  which 
weciui  as  yet  scarce  conjecture  anything." 
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The  appearance  in  lK)ok  form  of  Prof.  Jeremiah  Van  Reusi*elaer's 
lectures  on  geology,  as  deliv(»recl  before  the  New  York  Athenoeuniitt 
1825,  givers  us  an  opportunity  of  judging  of  the  condition  of  science 

at  that  date,  such  as  was  offered  a  few  years  earlier  by 

Van  ReiiMelaer**  ^ 

Lectures  on  OeoioKy.  Mitchill  s  Observations. 

1825. 

Van  Rensselaer  was  not  so  much  an  original  invest! 


gator  as  a  stud(»nt  and  teacher;  hence  the  inference  is  fair  that  hi 
work  gives  us  a  sununary  of  existing  knowledge  mther  than  the  detaib 
of  his  own  observations  or  his  individual  views.  He  reviewed  the 
opinions  of  the  cosmogonists  and  theorists  from  Burnett,  in  16S0, 
down  to  Werner  and  Hutton,  and  referred  to  the  work  of  his  prede- 
cessors and  contemporaries  in  America,  summing  up  with  conclu- 
sions condensed  from  Cuvier's  Observations,  to  the  effect  that,  firal^ 
the  sea  had,  at  one  period  or  other,  not  only  covered  all  our  plains,  boti 
remained  there  for  a  long  time  in  a  state  of  tranquillity;  second,  that 
there  had  been  at  least  one  change  in  the  basin  of  the  sea  which  pre- 
ceded the  present  one;  third,  that  the  particular  portions  of  the  earth 
which  the  sea  had  abandoned  })v  its  last  retreat  had  been  laid  drv  once 
before  and  had  at  that  time  produced  quadrupeds,  birds,  plants,  and 
all  kinds  of  terrestrial  productions;  and  that  it  had  been  reinundatedby 
the  sea,  which  had  since  retired  and  left  it  to  the  possession  of  its  own 
proper  inhabitants.  These  facts,  which  had  been  proven  through 
geological  evidence,  he  regardcnl  as  sui)porting  the  accounts  of  Mo^es, 
both  agre(»ing,  tii*st,  in  the  pn» valence  over  everything  else  of  water 
at  the  time  of  the  creation;  second,  in  the  subsequent  separation  of 
the  land  from  the  water;  and,  third,  in  the  eruption  of  the  sea  over  the 
continent,  the  last  corresponding  to  the  Noachian  deluge. 

Van  Rensselaer  recognized  the  value  of  fossils  in  proving  the  iden- 
tity of  geological  horizons,  also  the  fact  that  organic  remains  have 
be(»n  deposited  in  successive  generations  and  in  such  order  that  those 
of  one*  bed  l)ear  a  certain  connection  to  each  other  and  exhibit  certain 
distinctive  points  ditlerentiating  them  from  those  of  earlier  or  latei 
d(»])()sits,  and  that  the  greater  the  distance  between  the  deposits  tb' 
gi'catiM'  the  ditiercnce  bi^tween  the  contained  fossils.  This,  1  lielieve 
is  the  second  i-ecognition  l)v  an  Ameiican  author  of  a  now  well-esta^ 
lished  principle. 

The  tendency  to  make  sweeping  generalizations  founded  upon  purel 
local  observations  is  noticeable*  in  his  writings,  as  in  those  of  many  c 
his  contem])()nirie.s.     Thus,  in  describing  the  gneiss: 

It  is  tile  next  rock  to  jrranit«'  and  occurs  resting  or  lying  upon  it.  When  they  ai 
l>(»th  siHMi  in  the  same  mountain  its  ledjre  is  always  the  lower  of  the  two.  Mountair 
of  jj:neiss  are  seldom  so  steep  as  tliose  of  granite,  and  the  summits  are  not  quite* 
I>eaked. 
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Or,  again,  in  writing  on  the  weathering  of  rocks: 

Thf  deooi  Imposition  of  granite  is  slow  and  when  deconi  posed  the  unfriendly  si  Ifceous 
praiiisare  easily  wa8he<i  away.  There  is  neither  vegetable  nor  animal  niattiM*  in  tlie 
vimponnd;  it  does)  not  absorb  moisture,  letting  the  moisture  ))ereolate,  nor  dt>es  it 
«tain  heat.  The  soil  made  from  gneiss  is  not  washe<i  away  so  easily,  and  the  mica 
"iehis  more  ai^llaceous  matter.  *  *  *  Micaceous  schist  and  argillite  decompose 
nore  rapidly  and  form  a  better,  though  not  a  good,  soil.  *  *  *  The  rivers  of 
nimary  distrietrt  have  n)oky  beds  and  precipitous  banks,  etc. 

Van  Rensselaer  was  one  of  the  first  to  recognize  the  necessity  of 
exercising  care  in  the  selection  of  stones  for  building  purposes: 

We  take  our  materials  l^ecause  they  are  near  at  hand,  because  they  are  cheap,  and 
Mcacse  others  have  taken  the  same,  in  preference  to  searching  out  others  which 
\  *  *  are  more  durable.  Scarcely  any  one  building  in  Europe  or  Americn  of 
iiodem  constnu'tion  at  the  end  of  one  thousand  years  will  have  one  stone  left  upon 
mother  stone  to  denote  the  place  where  it  stood,  and  the  most  splendid  works  of 
nodem  architecture  are  even  now  hastening  to  decay  from  want  of  attention  to  this 
wbject. 

His  remarks  on  anthracite  coal  offer  an  interesting  illustration  of  a 
lisposition,  still  too  frequently  met  with,  to  make  the  observed  facts 
conform  to  preconceived  opinions.  Anthracite  or  native  mineral  car- 
bon, or  *•  blind  coal,"'  he  wrote,  is  not  regarded,  strictly  speaking,  as  a 
x«l,  though  combustible. 

It  occurs  in  the  primary  rocks,  and  hence  it  is  obvious  that  it  did  not  proceed  from 
iie  decomposition  of  vegetable  substances,  since  it  is  generally  acknowledged  that 
iie  primary  rocks  were  formed  previous  to  the  existence  of  vegetation. 

An  analytical  key  or  a  synopsis,  given  with  a  view  of  facilitating 
the  study  of  geology,  is  of  particular  interest,  since  the  methods  of 
modern  petrography  have  shown  how  absolutel}^  impossible  it  is  to 
classify  rocks  by  a  simple  examination  of  the  hand  specimen  and  with- 
out the  aid  of  a  microscope.  It  is  difficult  to  imagine  a  student  in 
other  than  a  thorough  state  of  mental  demoralization  who  should 
attempt  to  identify  and  classify  rocks  from  such  a  description,  an 
abstract  of  which  is  giv^en  below: 

SYNOPSIS  OF  THE  OVERLYING  OR  SUPERINCUMBENT  ROCKS. 

FIRST  DIVISION. 

Simple,  or  apparently  so. 

A.  Wacke,  of  the  (iennau  school.     Resembles  indurated  clay,  with  an  even  and 
smooth  earthy,  or  an  uneven,  somewhat  granular  fracture,  and  a  shining  streak. 

0.  Compact. 

h.  Cellular;  but  generally  in  that  cA><e  partly  aniygdaloidal  an<l  appertaining  to 
another  division. 

B.  Indurated  clay,  more  or  less  hard,  with  an  earthy  and  dull  frai'turt'. 
a.  Compact. 

This  is  different  from  the  ferruginous  clays  found  «»t'ten  with  the  trap  rocks,  which 
piw  into  jasper. 
6.  Cellular. 
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Like  var.  A,  6,  it  in  rarely  cellular  in  large  luasses  without  aleif>  containing  amygr- 
daloidal  nodules,  when  it  pasfles  to  another  ilivision.  The  colons  of  thii<  variety  an- 
usually  ash  or  gray  of  different  hues,  or  modifications  of  red,  or  brown,  or  purplbh 
black. 

The  prevalent  ideas  on  the  subject  of  earthquakes  at  this  time  may 
be  gleaned  from  a  paper  by  Dr.  Isaac  Lea,  of  Philadelphia,  in  the 
American  Journal  of  Science  for  1825.     hes,  rejected  the  theories  put 

forward  in  1749  by  a  Doctor  Stukley  to  the  effect  that 
BartiiqaiikM,  1825.    earthquakes  were  caused  by  lightning,  but  reganled  , 

them  as  the  effect  of  volcanic  eruptions,  though  at  the  j 
same  time  he  could  see  no  necessary  connection  between  the  electric  ] 
discharges  of  volcanoes  and  the  earthquakes,  regarding  such  as  an  : 
effect  rather  than  a  cause.  ] 

lie  thought  that  there  were  strong  re^isons  for  believing  a  consider- 
able portion  of  the  interior  of  the  earth  to  be  in  a  constant  state  of 
i  incandesce  nee  and  that  there  were  beneath  the  surfa<*e  great  C4ivitie8 
or  channels  of  connection  between  one  volcano  and  another.  "'  We 
nmst  admit,'"  he  wrote,  '"of  deep-seated  channels  of  connection 
stretching  from  one  portion  of  the  gloljc  to  the  others,  through  which 
the  explosive  gases  pass  with  an  instantaneous  motion,  accompanied 
b}^  a  rumbling  or  terrible  noise  peculiar  to  earthquakes.'"  In  this,  it 
will  be  noted,  h(»  followed  to  a  large  extent  the  teachings  of  Humboldt 
and  Newton.  These  channels,  he  tliought,  had  connection  with  the 
sea,  basing  his  opinion  upon  the  fact  that  volcanoes  throw  up  salt 
water  and  tish;  moreover,  that  most  volcanoes  are  situated  near  the 
sea.  He  regjirded  these*  branching  channels  as  species  of  horizontal 
volcanoes,  their  roofs  and  walls  furnishing  material  which,  aided  by 
oxygen  supplicKi  by  the  influx  of  the  sea,  would  yield  the  necessary 
amount  of  combustible  matter  to  keep  up  the  earth's  internal  tire. 
To  the  possible  objection  that  rocks  in  themselves  would  not  burn,  he 
answered  thut,  when  such  are  decomposed,  *' their  metallic  bases^eal- 
cium,  silicium,  aluminum,  magnesium,  etc.,  are  highly  incandescent.'' 

Four  years  later  (lS2t))  Maclure,  in  discussing  the  theories  of  Poulett 
Scrop(\  took  exception  to  the  views  of  Lea,  though  he  failed  to  oSeT" 
anything   satisfactory   in   return.      He  instanced   the  earthquake  of 

IS  11-12  in  the  Mississip[)i  Valley,  in  which  only  thcT 
of  scropeand  Lea,      alluvial  formations  had  been  disturbed,  and  (luestionecl 

1829.  ^ 

if  sueh  could  not  have  been  caused  bv  the  evolution  of 
elastic  gases  arising  from  the  fei*m(Mitation  of  large  masses  of  vegetabk"* 
matter  accunuilated  in  the*  beds.  If  such  were  the  case,  however,  h(r 
recogni/cnl  (be  possibility  of  an  increase  in  the  frequency  of  earth^ 
(piakes  as  fermentation  went  on.  Maclure  evidently  did  not  place  a 
great  amount  of  reliance  on  bis  own  theories,  for  he  states,  in  referring 
to  some  of  tbe  ideas  advanced  by  Serope:''  "'^\ll  tbese  speculations  a i*c 

"Scropt's  Thet)ry  <»f  X'nlcannos  appt-areil  in  1825. 
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»ul  of  tlu*  ivach  of  our  S4»ns«^s  and  van  ho  ju'countod  oiilv  as  annisc- 
tn«Mil''  for  the  pres«Mit. 

In  L82t)  thoro  apiHMired  a  Manual  of  Mineraloj^y  and  (iooloj^v, 
dosii^ned  for  the  use  of  schools  and  for  [wrsons  attendini^  h»c'tures  on 
these  suhjeetw,  as  also  a  convenient  [x>rket  companion  for  ti*avelers  in 

the  United  States  of  Anieri(*a.  the  same  being  from 


t»y  Manual 

of  Mineratovy  and     the  pen  of  Dr.  Kbenezer  Emmons,  destined  laU»r  to 

act  a  very  imi>ortjint  part  in  American  jreolo^ical  his- 
tory, but  at  that  time  newly  graduated  from  the  R(»nss(daer  Polytechnic 
Institute  at  Trov,  New  York. 

Gninioiis  at  first  studied,  and  later  practiced,  medicine,  but  in  ISils 
removed  to  Williamstown,  where  he  had  been  ap(M)inted  lectun»r  on 
chemistry.  During  the  years  ls80-ls37  he  also  served  as  junior  ])ro- 
f»*8>5or  in  the  Rensselaer  Institute,  and  in  1S8<)  was  appointed  one  of 
the  four  geologists  of  the  New  York  States  survey.  In  IM)!  he  becamt* 
castodian  of  the  State  collections  at  Albany,  and  in  l.s4o  engaged  in 
investigationH  I'elating  to  the  agricultunil  resources  of  the  State,  the 
results  of  which  were  published  during  th«»  ]x»riod  lS4»»-l»sr)4  in  the  form 
of  five  quarto  volumes.  In  1S51  he  was  apiwiinted  State  geologist  of 
North  Carolina,  a  position  which  he  retained  until  the  timt*  of  his  (h^ith. 

As  noted  elsewhere,  Emmons,  during  his  work  on  the  New  York 
State  survey,  became  involved  in  a  discussion  relative  to  the  so-rall(»d 
"Taconic  System,''  which  lasted  for  n(»arly  half  a  century  an<l  which 
undoubtedly  seriously  embittered  the  latter  days  of  his  life.  The  dis- 
pute, indeed,  became  at  times  so  harsh  that  Kmnions  was  practically 
ostracized  by  the  scientific  fraternity. 

In  1851  he  published  a  pretentious  volume  on  North  American  geol- 
ogy, and,  in  connection  with  his  work  in  North  ( -arolina,  two  volumes 
on  the  agriculture  and  geology  of  th(»  State.  lie  died  during  the  ]H'rio(l 
of  the  civil  war,  and  his  papers  and  notes  arc  said  to  have  lieconie 
lost  in  the  unsettled  condition  of  the  countrv  which  followed. 

It  is  impossible  here  to  go  into  a  discussion  of  the  true  merits  of  thi' 
Taconic  controversy,  and  the  matter  is  n»served  for  a  separate  chap 
ter.     Hundreds  of  pages  of  printed  matter  have  been  pul)lishf(l.  cov- 
ering a  period  of  nearly  fifty  years,  but  the  name  has  now  (lisappea?*ed 
from  the  maps  and  isonh'  of  historical  inter(\M. 

pjmmons''s  Manual,  to  which  refen^nct^  is  alcove  nia<le,  and  which,  a-- 
stated  in  the  title  p)age,  was  adopte(l  as  a  text-liook  at  the  Rensselaer 
>cliool  at  Troy,  was  a  small  <luodecimo  voinrne  <jf  *j;->n  j)ages.  It  had 
the  distinction,  so  far  as  the  mineralogi<'al  part  was  concerned,  of 
Wing  the  second  treatise  of  its  kind  written  by  an  Anierican  and  for 
American  students,  Inking  preceded  only  l>y  C  IcavehuuTs  Mineiaioo\ . 
|ml>li<hed  in  1S16.  In  geology  it  was  preecch'd  by  the  works  of 
Clcaveland  in  1816  and  Piiton  in  isls. 


282  KEPORT    OF    NATIONAL    MUSEUM,  1904. 

Ill  Emiii()ns\s  work  the  iniiierals  were  all  included  in  four  classes, 
with  an  appendix  which  contained  those  minerals  of  which  but  little 
is  known.  The  classes  were  sulxlivided,  as  Cleaveland  and  others  hail 
(lone  before  him,  into  orders,  the  orders  again  into  genera,  and  the 
genera  finally  into  species.  His  arrangement  of  classes  was,  how- 
ever, somewhat  different  from  any  of  his  predecessors.  Thus,  the 
first  class  included  those  minerals,  not  metallic,  which  are  oxidableor 
which  are  compounds  whost»  bases  are  oxidable.  It  comprised  native 
gases  and  li(|uids,  sulphur  and  carbon,  and  the  carlx)n  compounds, 
but,  singularly  enough,  no  mention  was  made  of  graphite. 

The  second  class  included  all  minerals  which  are  metallic  or  whose 
Imses  are  metallic;  the  third  class  all  those  which  consist  of  an 
alkaline  or  earthy  base  in  combination  with  acids,  and  the  fourth 
those  which  consist  of  an  earth  or  are  compounds  of  earths  with 
variable  portions  of  alkaline  and  metallic  oxides.  In  the  seven  sec- 
tions into  which  this  last  class  was  divided  he  placed  quartz  in  all  its 
varieties,  siliceous  slate,  pumice,  obsidian,  clinkstone,  a  large  number 
of  hydrous  and  anhydrous  silicates,  argillite,  wacke,  clay,  phosphates, 
etc.  But  littl(»  attention  was  given  to  crystallography,  and  '\silex, 
alumnie,  and  lime  are  considered  as  the  oldest  of  the  earths,  as  they 
enter  into  the  composition  of  the  primitive  rocks."  Altogether  297 
species  were  recognized,  44  of  which  were  mentioned  in  the  appendix 
as  little  known.  Many  of  these,  such  as  pumice,  obsidian,  wacke, 
etc..  can  not,  of  course,  be  properh'  considered  as  minerals.  In  spite 
of  this  unintentional  exaggeration,  it  is  interesting,  for  purposes  of 
comparison,  to  note  that  in  the  latest  edition  of  Dana's  Mineralogy 
(iSi)il)  824  species  wen^  recognized. 

The  part  of  Emmons's  work  devoted  to  geology  was  made  up  mainlv 
of  a  '* general  description  of  North  American  rocks."'  The  classiticft 
tion  a(iopt(»d  was  the  sanu*  as  that  used  by  Eaton  and  need  not  be  note< 
hen*  further  than  to  say  that  he  included  an  argillite  among  his  prinii 
tive  as  wA\  as  transition  rocks,  while  Eaton  limited  argillite  to  the  tran 
si  tion  series,  though  recognizing  the  possibility  of  a  primitive  fomi 

Among  the  early  workers  in  stratigraphic  geology,  along  lines  lai< 
down  by  Cuvier,  Brongniart,  and  their  successors,  mention  must  b 
made  of  (i(»rard  Troost,  born  in  Holland  in  1776  and  dying  in  Nash 

vilie,  Tennessee,  in  1850.  Like  manv  naturalists  o 
Work!  "826"**  ^'^^  i\\ni'  Troost  was  a  physician.     He  studied  in  France 

was  appointed  by  the  King  of  Holland  to  accompany 
in  a  scientific  capacity,  a  naval  expedition  to  Japan.  He  was  captnrei 
and  imprisoned  by  English  privateers,  finally  returning  to  Paris.  H 
thence  took  passage  for  New  York  in  an  American  vessel  and  was  agaii 
captured,  this  time  by  a  French  privateer,  and  once  more  imprisoned 
On  his  releas(»  he  went  again  to  Paris,  was  again  allowed  to  embarli 
and  in  181U  came  to  Philadelphia. 


'Ifll 
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Gerard  T roost. 
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Wlirii  tho  Phihiclelphm  Acadoniy  of  Sciences  was  (vstaf)lislied  in  \SV2 
II'  iMMniiut*  it>  first  president,  holding  the  office  for  five  years,  when 
h'  was  succeeded  hv  \yilliain  Machire.  Troost,  wn'th  Owen,  Maehire. 
lud  others,  joined  the  <'ommiinistie  society  at  New  Harmony,  Indiana, 
ill  1825,  but  removed  to  Nashville,  Tennessee,  in  1827,  and  the  fol- 
lowingf  year  was  elected  professor  of  chemistry,  <ir**<>l^>^>'«  «^"<l  miner- 
ilqgy  in  the  univeiNity  of  that  city.  In  \H:M  he  became  State  i^eol- 
i)viit,  holding  the  office  till  IS8II,  when  it  was  aholislied.  Nine  re])orrs 
vere  made  during  his  time,  but  seven  of  which  were  published.  Prior 
to  ipoing  to  Tennessee!'  his  most  important  ^eoloj/ical  work  was  a  survey 
of  the  refpon  alx)ut  Philadelphia,  the  same  liein^  done  and  the  results 
published  in  I85J6  under  the  patronage  of  the  Society  for  the*  Promo- 
tion of  Agricultuiv. 

Hie  work  comprised  forty  siimll  octavo  ]mges  with  a  colored  map 
of  the  re^on  included  within  a  half  circle  north  of  the  I)<'laware 
River,  having  a  mdius  extending  a  little  beyond  Chester,  i.  e.,  some 
17^  miles.  As  may  be  readily  suppos«»d,  fully  three-fourths  the  area 
was  colored  as  gneiss,  with  narrower  bands  (extending  in  a  geinM-al 
way  parallel  with  the  river;  in  the  nortlnM-n  part,  of  primitive  elay- 
^lateand  of  limestone.  Iii>twe(»n  the  gneiss  an<i  clay-slate  was  a  short. 
narrow  belt  of  serpentine,  and  between  the  clay -shite  and  limestone  one 
of  eurite^  and  in  the  extreme  northeastern  portiiMi  of  the  sheet  a  band 
"f  transition  graywaeke.  Among  the  varieties  of  nxrks  mentionetl, 
in  addition  to  those  enumenited  and  comprising  subordinate  forma- 
tiona,  are  diabase  and  pegmatite.  The  eurite  was  div^cribed  as  occur- 
ring north  of  the  high  ridge  which  separates  the  limestone  from  the 
granitic  rocks  and  as  l>eing  in  ev<'rv  re'spiM-t  similar  to  that  of  IVni«r. 
on  the  Erzgebirge.  ''I.  was  delighted."  he  wrote,  "at  meeting  this 
rock  for  the  first  time  on  this  side  of  the  Atlantic.  I  ima;rin(>d  luvself 
transported  to  the  Erzgebirge,  in  Saxony,  and  remembered  with 
renewed  pleasure  the  father  of  geology,  who  made  us  a<*quai!ited  witii 
it."  More  than  half  of  the  paper  was  given  up  to  a  (liscus>ion  t>f  the 
physical  and  chemiml  properties  of  the  soil,  as  might  be  c\]>cctcd 
when  Its  date  and  the  auspices  under  which  the  work  was  done  are 
taken  into  con.side ration. 

In  the  Boston  Journal  of  Philosophy  for  the  same  year  the  ill-starred 
Prof.  J.  W.  Webster  gave  a  somewhat  dc^tailed  account  of  the  gi'olooy 
of  Boston  and  vicinity,  describing  the  thi-ee  hills,  t<>  which   "PxiNton 

owes  its  ancient  name  and  so  nuicli  of  lis  picturexiue 

Wctetcr't  Aoooant  .  , 

oithe deotopy about  beauty,"  as  being  ctMuposed  mainly  <>f  hard,  ct)nipact 

cla^'  with  gravel  and  l)owkl<'rs.  Amist<'r'>  Hill  wn> 
il«'scrilK'd  as  composed  largely  of  clay-slate,  passing  ofi  the  north  inio 
h'M'iiblencle  slate,  the  latter  containiiiir  veins  of  " irreeristone:"  and 
Prospect  Hill,  in  part  of  a  greenish  compact  feldspur,  \vhi(rh  passes 
into  clav-slate,  covered  toward  its  iiortliwest  exireinilv  \>\  w  wwiss 
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of  tnip.  ^'Tliis  hill/'  ho  wrote,  "exhibits  that  gentle  acclivity  and 
rounded  summit  so  common  in  the  transition  formations  of  the  Wer- 
nerian  school." 

Tlio  Medford  trap  (diabase)  he  noted  as  being  unfit  for  architectural 
purposes,  owing  to  its  rapid  disintegration,  a  fact  which  has  been  ! 
many  times  commented  upon  in  more  recent  years.  The  tendency 
manifested  by  the  *' greenstone"'  as  a  whole  to  exfoliate  in  bowlder 
forms  with  concentric  stru(;ture,  he  correctly  ascribed  to  weathering, 
as  did  Gibson  writing  several  years  earlier  (p.  "264). 

He  noted  the  occurrence  of  abundant  joints  in  the  conglomerate  of 
Dorchester,  but  considered  such  as  inexplicable  with  the  geological 
information  then  available.  An  interesting  light  is  thrown  upon  the 
lack  of  knowledge  of  the  chemical  composition  of  rocks  at  that  time 
in  the  continuation  of  his  paper  the  following  yeac^^in  which  he 
described  this  conglomerate — a  highly  siliceous  rock — as  passing  into 
th(»  overlying  melaphyr,  a  basic  igneous  roi»k.  In  several  places 
within  the  town  of  Brightx>n  he  thought  to  note  the  transition  from 
one  rock  type  to  another." 

In  the  American  Journal  of  Science  for  1827  Alanson  Nash  pre- 
sented his  first,  last,  and  only  geological  paper  that  seems  to  have 
found  its  way  into  print — this  relating  to  the  lead  mines  and  veins  of 

Hampshire*  County,  Massachusetts — and  offered  some 
FormiiUofr*r827^**°  int^^resting  spei^ulations  as  to  their  origin. 

That  they  w(*re  not  once  open  fissures  tilled  from 
above,  the  fissures  (heniselvt»s  being  formed  by  the  unequal  subsidence 
of  the  (Mirth's  crust  or  through  shiinkage  caused  b}'  desiccation,  accord 
ing  to  the  Neptunian  theory,  was  to  him  evident  for  the  following 
reasons:  If  the  cavities  were  formed  by  desiccation  and  subsidence  the 
veins  would  l)e  widest  at  the  surface  and  narrow  as  thev  descend, 
whereas,  in  fact,  the  very  reverse  is  the  case.  If  tilled  from  above  by 
mineral  solutions  which  covered  the  globe,  then  he  thought  we  ought 
to  find  beds  of  nietailic  matter  in  the  valleys  and  plains  also.  Neither 
was  he  dispos(»(l  to  accept  the  vitnvs  of  the  Plutonists,  who  regarded 
the  veins  as  tilled  ])y  "an  injection  from  a  tiery  furnace  below."*  Rather 
would  he  look  upon  th<Mn  as  contemporaneous  both  in  formation  and 
tilling  with  t\w  rocks  in  which  they  occur,  being  analogous  to  the 
granite  veins  of  thi»  same  n^gion.  That  the  vein  material  did  not 
adhere  tirnily  to  the  wall  rock,  as  is  tlu*  case  with  the  granite  veins, 

"Tliis  deceptive  ii]»]H*aran(o,  it  may  bo  stated,  is  due  to  tlie  fact  that  the  melapliyi 
at  the  time  of  its  extrusion  was  in  a  hi^dily  liiimd  condition  and  flowing  out  over  the 
uneven  surface  nf  the  (■on^h)merate  lilled  in  all  the  ine<jualitieH,  so  closely  welding 
itseh'  as  to  form  what  was  apparently  one  and  the  same  mans.  When  subsequent 
erosion  cut  avsay  a  considerable  portion  of  both  rockH  the  appearance  of  isolateii 
patches  nf  m(*la])hyr  here  and  thereon  the  eroded  surface  of  the  conglomerate  war 
quite  misleajlin^.  Some  more  recent  observers  have  since  committal  the  saiue 
h) under  of  (Ayf^tTViilian  and  fanltv  dt^luction  with  far  lew' excuse. 
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im  no  arfTument  against  thin  view.  *'ln  one  ctue  tbc  vein  is 
H.  in  the  other  it  is  metallic;  they  are  different." 
IS  been  already  noted,  Olmsted'a,  work  in  Noith  Carolina 
tinued  after  his  resignation  by  Prof.  Elisha  Mitchell,  who 
Inferred  from  the  chair  of  mathematics  to  that  of  chemistrv, 
mineralogy,  and  geology  at  the  time  of  Olmsted's 
■S'       resignation. 

Like  Olmsted,  Mitt^bell  was  born  in  Connecticut  and 
id  at  Vale,  going  to  North  Carolina  about  the  same  time  as  did 
ler.  He  was  known  as  a  man  of  great  culture  and  erudition, 
manifested  no  indications  of  a  particular  loaning  toward  geot- 
1  the  transfer  above  noted,  and  to-day  his  fame  probably  rests 
on  his  knowledge  of  tbc  physical  geography  and  botany  of 
irolina  than  of  its  geology.  He  was 
jsiastic  explorer  and  coUet^tor,  and, 
I  known,  finally  lost  his  life  on  Black, 
xjbell.  Mountain  in  1857. 
!o  most  important  papers  on  geology 
iblLsbed  in  18-2S  and  1829,  the  iirst 

to  tbe  origin  of  the  low  country  of 
arolina  and  the  second  t«  the  geology 
old  regions.  In  1842  be  published 
ary  of  bis  work  in  tbe  fonn  of  a 
k  for  his  classes,  accompanied  by  a 
■ological  map  of  the  State,  tbc  only 
its  kind  thus  far  prepared.     A  re- 

the  mineralogy  of  the  Stat*-  was 
pared  by  his  assi-stant,  C.  K.  Kothi'. 

■ny,  in  1827.  A  geological  iniip  of  the  ea-ittMii  half  of  tbe 
IS  said  to  have  l>ccn  made,  but  ni'vcr  pulilished. 
ell,  in  bis  paper  on  the  origin  of  the  low  country,  took  tbc 
that  tbe  various  strata  there  found  were  formed  in  tlie  lied  of 
ind  became  dry  land  through  tbc  depression  of  tbe  level  of  the 
■  the  elevation  of  tbe  land  by  a  force  opemting  from  beneath. 
Is  found  bv  him  in  these  beds  proved,  in  his  judgment,  that 
re  of  compamtively  recent  origin,  but  just  bow  ivcent  he  was 
>ared  to  say.  Tbe  presence  of  i>one.s  of  pleplianls  and  nmsto- 
wever,  indicated  to  his  mind  an  elevation  prior  to  tbe  Xoachiau 
k>  which  catastrophe  he  evidently  attril»uted  their  l)uriiil. 
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In  1829  Mitchell  published  in  the  AmericHu  Journal  of  Science ui 
article  in  which  he  threw  doubt  upon  the  statements  and  theories  of: 
Olmsted  and  Rothe  regarding  the  origin  and  occurrience  of  gold  in  the 

State.  It  will  be  remembered  that  Olmsted  considered 
of  Olmsted  and  Rothe,  the  gfold  to  be  limited  to  the  area  occupied  bv  the 

1829. 

argillite,  while  Rothe  considered  granite  as  the  lose, 
of  the  g()ld-l>earing  formations.  Olmsted  further  argued  that  the  gofct 
occurred  in  the  diluvial  formation,  while  Rothe  believed  that  the  gold 
now  found  in  the  alluvial  was  derived  from  veins  and  spread  over  the 
country  b}'  a  flood  of  waters  breaking  through  the  Blue  Ridge  and 
rushing  in  torrents  over  the  entire  gold-bearing  region.** 

Mitchell's  idea,  which  is  undoubtedly  the  correct  one,  was  that  the 
gold  occurred  originall}^  in  veins  and  perhaps  in  part  disseminated 
throughout  the  country  rock,  which  was  in  itself  in  part  primitive  and 
in  part  secondary.  From  these  rocks  it  was  set  free  through  atm(M- 
pheric  decomposition  and  subsequently  distributed  by  gravity  and 
running  water. 

Mitchell's  paper  is  of  further  interest  in  that  it  contains  a  colored 
geological  map  of  the  gold  region,  the  rocks  being  classified  as  prinai- 
tive,  transition  or  slate,  old-red  sandstone,  and  alluvium. 

Although  the  day  of  the  cosmogonist  was  fast  drifting  into  the 
obscurity  of  the  past,  there  were,  nevertheless,  occasional  writers 
who  still  preferred  to  ignore  facts  of  observation  or  the  efficiency  of 

siiuph*  causes  and  to  seek  for  more  difficult  or  more 
thSTKiftVi'SS""      mystical  methods  of  accounting  for  phenomena  than 

those  furnished  by  the  observation  of  proce^es  now  | 
in  action.    Thus  Benjamin  Tappan,  in  discussing  the  bowlders  of  prim- : 
itive  and  transition  rock  found  in  Ohio  (glacial  erratics),  objected  to  the  ; 
commonly  accepted  idea  that  such  were  necesvsarily  foreign  to  the  local- 
ity,  ynouo^ht  by  eurrents  of  wat(M'  or  floating  ice  in  inuuense  inland  lakes. 
He  frankly  acknowledged,  however,  liis  own  inability  to  ac<^ount  for 
their  pnvsence,  l)ut  ingenuously  claimed  that  "ignorance  is  preferable 
to  error/'  and  added:  ''It  mav  therefore  be  asked  why  mav  notthetJC 
rocks  liave  been  created  where  they  are  now  found?"     Or,  ''Again, 
why  may  they  not  hav(^  been  thrown  out  b}-  earthquakes  or  volcanoes'" 
Groping  though  this  writer  may  have  been,  it  is  questionable  if  his^ 
ignorance  were  not  prefera})le  to  the  kind  of  knowledge  manifested 
l)y  a  writer  (signature  '"A'')  in  the  Americiin  Journal  of  Science  of 
two  years  j)revious,  who  would  account  for  the  drift  on  the  supposition 
that  the  earth's   revolution,  amounting  to  1,500  feet  a  second,  was 
suddenly  checkt^d.     This,  Ik^  thought,  would  result  in  the  whole  ma's 


"  Hothc  IukI  previously  ( 1S2<))  exprea^^cHl  the  idea  that  the  gold  was  derived  froin 
the  hiirstin^  asunder  of  the  ^dd-lnniriu^  veins  hy  Hubterranean  exploHions  and  tb? 
«rold  thus  siattered  over  the  adjacent  regions,  some  of  it  being  carried  down  in  the 
water  courses. 
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>f  the  surface  water  rushing  forward  with  inconceivable  velocity, 
intil  overcome  by  opposing  obstacles  or  exhausted  b}^  continual  f rii- 
ion  and  the  counterbalancing  power  of  gravitation.  The  Pacific 
!)cean  would  thus  rush  over  the  Andes  and  the  Allcghenies  into  the 
Atlantic,  which  would  in  the  meantime  be  sweeping  over  Europe, 
Isia,  and  Africa.  '*  A  few  hours  would  cover  the  entire  surface  of 
he  earth,  excepting,  perhaps,  the  vicinity  of  the  poles,  with  one 
mshing  torrent,  in  which  the  fragments  of  disintegrated  rock,  earth, 
Jid  sand  would  be  carried  along  with  the  wre(*k  of  animal  and  vege- 
able  life  in  one  all  but  liquid  mass."' 

The  period  that  may  with  propriety  be  called  the  dark  age  of  geol- 
igy  was  that  prior  to  the  discovery  and  general  recognition  of  the 
'alue  of   fossils  in  stratigraphy — the  fact  that  the  relative  age  or 

stratigraphic  sequence  of  sedimentary  rocks  could  be 
"*  determined  by  means  of  the  plant  and  animal  remains 
they  may  contain. 

According  to  Dr.  Archibald  Geikie,  in  his  Founders  of  Geology, 
iredit  must  be  given  to  the  Abbe  Giraud-Soulavie  for  having  first 
planted  the  seeds  of  stratigraphic  geology.  In  a  paper  read  before 
;he  Royal  Academy  of  Scientists  in  Paris  in  August,  1779,  Soulavie 
lescribed  the  calcareous  mountains  Vivarais  as  made  up  of  limestones 
^longing  to  five  different  epochs,  the  strata  in  each  being  marked  y>y 
its  own  peculiar  assemblage  of  fossils. 

These  views,  though  undoubtedly  correct  in  the  main,  were  not 
i^nerally  accepted  even  in  France,  a  fact  thought  l)v  Doctor  Geikie 
to  be  due  mainlv  to  the  wretched  stvle  in  which  they  were  set  forth, 
ind  the  Abba's  fame  has  been  eclipsed  by  more  lirilliant  successors, 
imong  whom  may  be  mentioned  Desmarest,  Kouelle,  Lamanon, 
Cuvier,  and  Brongniart. 

Cuvier,  it  will  be  recalled,  was  primarily  a  biologist,  and  nmy  well 
be  considered  the  first  vertebrate  paleontologist — the  tirst  to  announce 
that  the  globe  was  once  peopled  by  vertebrate  animals  of  a  type*  which 
have  long  since  disappeared.  In  connection  with  Brongniart,  C-uvier 
published  in  1808  a  memoir  containing  the  re.sults  of  their  joint  studies 
in  the  basin  of  the  Seine.  They  showed  that  the  formations  there 
existing  were  arranged  in  a  definite  order  and  could  be  recognizcnl  by 
their  lithological  and  paleontological  characteristics.  Although  sul)- 
sequent  research  has  naturally  tended  to  show  that  the  observations 
and  deductions  of  these  early  workers  were  not  in  all  cases  correct,  it 
may,  nevertheless,  be  said  that  they  established  on  a  basis  of  accurate 
observation  the  principles  of  paleontological  stratigraphy,  demon- 
strated the  use  of  fossils  for  the  determination  of  geological  chronol- 
ogy, and  paved  the  way  for  the  enormous  advances  which  have*  since 
been  made. 
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When  Olio  HM-iills  the  aviditv  witli  which  each  im*%v  siij^tnistioii  w 
seized  upon  hv  the  scientists  of  to-day.  it  seems  strange  that  >o 
promising  a  tiehl  of  investigation  a>  was  here  thrown  open  should  not 

liave    heen    immediately    occupied.      Nevertheless,  it 
Corf«iatian!'?828.      ^^'«i**  "<>^  Until  ls!f,s  that  an  American  geologist  took  wp 

the  matter  with  an  apjmnMitly  full  appreciation  of  it:* 
lN)ssihilitie^.     In  that  year  Dr.  S.  (f.  Morton,  the  paleontologist,  read 
l>efor(»  the  Philadelphia  Academy  of  Sciences,  from  nott»s  furnished 
him   l)y   Lai'dner  Vanuxem,  what  wits  prolmbly  the  most  important 
paper  of  tht»  year,  relating  to  a  possihh*  suMivision  of  the  heretofore 
so-called  alluvial  or  Tertiary  dej)osits  of  the  Atlantic  coast.     The  iiio^t 
im])ortant    feature   of   this   pajH^r,  as   may   Ik^   .surmised,  lay  in  its 
aiuiounced  rec<»gniti(»n  of  the  value  of  fossils  for  purposes  of  com»h- 
tion.     With  the  exception  of  Prof,  flohn  Finch,  already  mentioned, 
writers  up  to  this  time  had  very  generally  referred  to  these  deposit* 
as  belonging  to  a  singh'  formation,  either  alluvial  or  Tertiarj-.  as  the 
case  might  he.     Vanuxem  here  asserted  for  the  first  time  the  exist* 
(Mice  of  l»oth  Seconiiarv  and  Tertiarv  fonnationj*,  and  showed  *'that 
the  two  formations  may  he  at  all  times  unequivocally  identified  by 
their  fossil  remains."     The  relative  geological  iX)sition  of  the  beds  he 
gjive  as  helow: 
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In  jsj^  l)r.  ( '.  r.  fhickson,  of  Ho^ton.  in  company  with  Fnim'*> 
Alger,  pul>li>licd  in  (he  American  •lournal  of  Science  a  .series  of  pap^^ 
Ijcjiring  on   (ii<*   niinersilogy   and  gt*ology  of  a  part  of  Nova  Scotw. 

ThcNC,  aitlioiigli  mainlv  of  a  mineralosfical  nature, con- 

Jackson  and  Altccr'n  .  •    i   *    i  •    i  i  •  i  "   1 1 

Work  In  Nova  Scotia,  tjiincd  nuicii  nial<M'ial  which  at  the  time  was  vahialm", 

and   were  accompanie<l  by  a  colored  geological  iiwi^ 
This    shnwcd    till"   »li>iril)ulion   of    the  various  geological  fornuitiou. 
(idcntitied  mainlv  on  litholotricul  o-i'ounds)  of  the  northern  half  of  the 
peninsula.     .V  lnoad  Ix-It  of  transition  clay-slat^  wai»  repre.sontctl  as 
<'xtendino-  from  tin-  (rut  of  t'anso  to  St.  Marvs  Bav.     This  was  In^r 
deied  (»n  1  he  northoa-^t   l»y  a  narrow  hed  of  alluvium,  the  inunediate 
hordrrof  ihc  l»:iy  of  Kundv  being  occupied  by  trap  rock  or  <//><//.*/"/", 
MS  it  \v;i<  I  hen  callcii.      A  wide  band  of  red  and  trmv  sjindstone,  altor- 
nating  with  slmlr  and  <:inying  l)ed>  of  coal,  occu])i(Hl  the  region  south 
of   Min:i>   l):i>in  and  all  of  the  ('um)>erland  (\mnty  peninsula.     This 
s.'jnji'-lone  \va>  de-^c  ribed  in  eonsideralde  detail,  and  from  its  fossil  con- 
^•/y/s  n;/s  jndjjvd  to  be  a  sreo»u\v\v\  yvk'V^  vv\t\\ovvv;lv  evidently  older  than 


Samuel  Geobge  Morton. 

|>h\>i.inn  iiii.l  I'lili'ontwloglst. 


AMERICAN    OEOLOOY EATONIAN    ERA,  1820-1829.  289 

he  trap — a  recognition  here  of  the  value  of  fossils  for  stratigraphic 
Hirposei*. 

The  clay -slate  of  the  South  Mountains  he  regarded  as  belonging  to 
he  transition  class,  since  it  dips  50""  or  60^  to  the  northwest,  while 
ihe  sandstone  dips  at  an  angle  of  only  10^  or  15^  to  the  north,  clearly 
ndicating  the  former  rock  to  be  of  greater  antiquity  than  the  latter. 
Moreover  the  slate  contained  only  ma  line  fossils.  It  was  regarded 
Jso  as  having  existed  before  the  neighboring  plutonic  rocks  had 
emerged  from  the  central  region  of  the  earth. 

The  granite  was  regarded  as  being  undoubtedly^  of  greater  age  than 
he  clay-slate,  since  it  contained  '*  no  relics  of  organized  beings."  He 
lid  not,  however,  consider  it  as  belonging  to  the  oldest  primitive 
ocks,  since  it  showed  at  places  a  brecciated  structure,  contained  black 
lica,  and  was  '•  lacking  in  the  metalliferous  compounds  and  minerals 
■^hich  characterize  the  ancient  formations."  '^It  probably  belongs," 
e  wrote,  ^''to  the  third  or  newest  formation  of  Werner." 
Concerning  the  source  of  the  trap  and  its  relationship  to  the  sand- 
one,  he  wrote: 

The  sharp  fragments  of  the  breccia  and  the  breaking  up  of  the  strata  also  shew 
at  the  pro<luction  of  this  rock  or,  rather,  its  nonconformable  position  on  the  sand- 
»ne  strata,  was  effected  suddenly.  Whether  it  was  ejected  from  the  inaccessible 
pths  of  the  Basin  of  Minas,  or  was  thrown  directly  up  through  the  strata  of  sand- 
»ne,  we  can  not  determine;  but  the  occurrence  of  the  trap  only  on  the  borders  of 
»  basin,  which  it  almost  surrounds,  leads  to  the  belief  that  this  cavity  was  the 
ter,  if  it  may  be  so  called,  from  which,  in  former  times,  the  trap  rocks  issued. 
e  Kanie  remarks  will  apply  to  the  whole  North  Mountain  range,  except  that  they 
>bably  originated  from  the  unfathomable  deeps  of  the  Bay  of  Fundy,  which  is 
iipletely  skirted  on  either  side  by  trap  rocks. 

It  will  he  noted  here  that  Jackson  for  the  first  time  cut  loose  from 

*  Wernerian  (Neptunian)  doctrine.  He  realized  this  and  stated  that 
»  evidence  found  convinced  him  of  its  insufficiencv,  and  he  was 
liged  to  allow  the  superiority  of  the  igneous  theory  as  taught  by 
itton,  Playfair,  and  Daubeny. 

Writing  of  the  origin  of  the  bed  of  hematite  iron  ore  of  the  South 
juntain  region  and  its  relation  to  the  granites,  he  said: 

Speculative  geologists  would  doubtless  regard  the  protrusion  of  the  granite  from 

•  <,-entral  regions  of  our  globe  as  the  cause  of  the  disruption  of  the  strata  of  clay- 
te  which  was  thus  raised  from  the  bottom  of  the  sea,  bearing  with  it  the  spoils 
the  ocean.  The  layers  would  thus  be  broken,  their  edges  thrown  up  at  an  angle, 
1,  by  the  contraction  of  the  snl)ordiiuite  rocks,  the  superior  strata  l)eing  fixed, 
the  protrusion  having  carried  the  rocks  so  far  na  to  poise  the  strata  in  a  per- 
niicular  position,  a  chasm  would  l)e  forme<l  intr>  which  the  ore  of  iron  was  after- 
Tiis  poured  from  above  by  a  second  submergence.     From  the  similarity  of  fossils 

gihoiild  think  the  IhhI  of  iron  on*  iimst  have  lx>en  immediately  formed  after  the 
'Tuption  of  the  strata. 

In  1838  a  revised  edition  of  the  work  whs  ])ubHshed  in  the  Memoirs 
the  American  Academy  of  Ai'ts  and  Sciences.     This  was  referred  to 
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by  Featherstonhaugh  in  his  journal,  as  '^  the  neatest  and  best  execute 
work  on  geology  which  has  l)oon  gotten  up  in  the  United  States." 

Dr.  Charles  T.  Jackson  was  l)orn  at  Plymouth,  Massachusetts,  June 
21,  1805;  was  graduated  at  the  Harvard  Medical  School  in  1829,  and 
settled  down  to  the  practice  of  medicine  in  Boston  in  1833,  having 

spent  a  portion  of  the  intei^vening  years  in  Europe, 
c^rfjackMii.  ^^  shortly,  however,  abandoned  his  medical  practice 

in  order  that  he  might  devote  himself  to  chemical  and 
geological  investigations  more  to  his  taste.  In  1836  he  wa.s  appointed 
State  geologist  of  Maine,  and  published  during  the  three  years  he  heM 
that  oflSce  three  octavo  reports  comprising  some  l,()i)0  pages  and  ai 
atlas  of  24:  plates.  These  volumes,  while  recording  a  large  numbei 
of  disconnected  observations,  contain  nothing  of  striking  interest  oi 
importance.  They  are  devoted  also  largely  to  economic  questions 
It  must  be  remembered,  however,  that  the  countrv  at  that  time  wa 
largely  a  wilderness,  without  rail  or  carriage  roads,  and  many  of  hi 
journeys  were  made  by  canoes  on  streams  and  lakes. 

In  1839,  as  State  geologist,  he  made  a  survey,of  Rhode  Island,  an( 
in  the  year  following  submitted  the  manuscript  cx)py  for  his  report 
LOGO  copies  of  which  were  issued,  constituting  the  first,  last,  am 
only  oflBcial  account  of  the  resources  of  the  State  ever  publishe< 
(Woodworth).  In  1840  he  began  work  upon  the  geology  of  Nef 
Hampshire,  having  been  appointed  geologist  for  that  State  SeptemWr 
1839.  This  survey  lasted  until  1843,  the  final  report  appearing  ii 
1844.  It  was  w  liile  in  the  prosecution  of  this  work  that  he  made  th( 
discoverv  of  tin  ore  at  Jackson,  and  from  it  smelted  the  first  Imroi 
metallic  tin  produced  in  America. 

In  1847.Iackson  was  a])])ointed  Ignited  States  geologist  to  report  ot 
the  public  hiiuls  in  the  Lake  Superior  region,  but  spent  only  twc 
seasons  in  the  Held,  resigning  for  personal  and  political  reasons  ii 
1849.  It  was  through  his  instrmnentality,  however,  in  part,  that  the 
copper  n^gions  of  Lake  Superior  were  opened  up.  Other  economic 
work  of  Jackson  which  needs  mention  is  that  in  connection  with  the  dis- 
covery and  d(\scription  of  the  em(M-v  mines  at  Chester,  Massachusett& 

After  withdrawing  from  th(*  Lake  Superior  survey,  Jackson  devoted 
himself  largely  to  laboi'atorv  work,  having  an  oftice  at  32  Somersel 
street,  Boston.  As  is  well  known,  he  was  one  of  the  claimants  foi 
priority  in  the  discovery  of  the  anjesthetic  proj^erties  of  ether.  H< 
was  well  and  favorably  known  as  a  chemist  and  all-round  naturalist 
and  is  described  as  '"an  enthusiastic  personage,  a  ready  conversation 
alist,  even  elo(|uent  m  his  speech  and  fond  of  story  telling — a  mano 
large  stiiture,  scjuare  shoulders,  and  massive  head.-^  As  a  geologis 
he  was  conservative  almost  to  the  point  of  obstinacy,  as  is  shown  h; 
his  steady  adh(M*ence  to  the  older  forms  of  classification,  though  find 
in^  it  necessary  to  depart  somewhat  from  the  ideas  of  Werner.     li 
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was  but  little  given  to  theorizing,  at  least  so  far  as  is  sliown  by  his 
published  works,  and  announced  few,  if  any,  new  principles.  His 
fame  rests  rather  upon  the  extension  of  the  geographic  boundaries  of 
our  knowledge  and  the  development  of  economic  resources. 

The  matter  of  the  relative  age  of  rocks  as  indicated  by  their  position 
with  respect  to  horizontal ity,  which  had  l^een  discussed  by  Cleaveland 
in  181 H,  Alaclure  in  1825,  and  eFackson  in  1828,  was  again  taken  up  by 

V^anuxem  in  182i^  In  a  paper  in  the  American  Jour- 
iS? .**"  *  ^*«'^»     nal  of  Science  in  this  year  he  called  attention  to  sev- 

ei-al  errors  promulgated  by  the  American  geologists, 
the  first  of  which  related  to  the  existence  of  Alluvium  and  Tertiary 
rocks  in  the  Southern  Atlantic  States,  as  he  had  previously  announced 
in  conjunction  with  Morton. 

Of  almast  equal  importance  was  the  objection  raised  at  this  time  to 
the  prevailing  assumption  that  all  of  the  so-called  secondary  rocks 
were  horizontal  in  position,  or,  on  the  other  hand,  that  all  horizontal 
rocks  were,  therefore,  secondary.     He  pointed  out  that  rocks  com- 
posed of  mechanical  particles  when  undisturbed  would  form  horizon- 
tally lying  masses,  but  that  both  uplifting  and  downfalling  forces  had 
existed  and  there  was  no  certaintv  that  such  had  acted  in  a  uniform 
manner,  giving  rocks  of  the  same  age  the  same  inclination.     There- 
fore the  position  of  beds  as  riegards  horizontjility,  ho  argued,  could 
not  be  relied  upon  to  indicate  age.     '^The  analogy  or  identity  of 
rocks/'  he  wrote,  ''I  determine  bv  their  fossils  in  the  first  instance 
and  their  position  and  mineralogical  characters  in  the  second  or  last 
instance."'    This  is  perhaps  one  of  the  most  important  generalizations 
that  had  thus  far  been  made  by  any  American  geologist. 
Vanuxem  was  a  Philadelphian  by  birth,  but  received  his  mineral- 
i    ojrical  and  geological  training  at  the  S<*hool  of  Mines  in  Paris  at  the 
'    time  when  Brongniart  and  Hauy  were  both  active.     Graduating  in 

1819,  he  returned  to  America  and  assumed  the  chair 
vaiiS^m.  ^f  chemistry  in  Columbia  College,  South  Carolina, 

resigning  in  1826  to  undertake  some  i)rivate  mining 
Work  in  Mexico.  In  1830  he  removed  to  a  farm  near  Bristol,  Penn- 
sylvania, which  continued  to  be  his  home  during  the  rest  of  his  life, 
though  connected  with  the  New  York  State  survey  during  18^^7-43. 

He  is  represented  as  a  man  of  slight  build,  active  and  energetic,  and 
with  great  powers  of  endumnce;  one  who  loved  his  work  for  the 
Work's  sake,  and  was  always  averse  to  receiving  pay  for  his  services 
excepting  when  circumstances  rendenul  it  absolutely  necessary. 

According  to  his  biographer,  he  had  the  reputation  of  being  vision- 
ary and  full  of  untenable  theories.  Be  this  us  it  may,  his  published 
writings  show  no  such  failing,  and  there  are  few  men  of  his  day  who 
^w  more  clearly  or  reasoned  more  con'ectly.  I  lis  publish(»d  writings 
were,  for  that  time,  remarkably  free  from  (»nc)r.     As  a  \]fv^oVov;\^l  \\^ 
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mnks  with  those  who  have  put  forward  new  ideas  rather  than  the 
who  have  extended  geographic  boundaries." 

In  1829  there  appeared  the  first  American,  from  the  third  Englis 
edition  of  Bakeweil's  Introduction  to  Geolog)\  This  was  edited  1 
Silliman,  and  was  accompanied  by  the  latter's  Outline  of  the  Com 

of  (xeolojifical  Lectures  given  in  Yale  College.    T 
Edition  Of  BakeweU'9  rcason  for  the  reprint,  as  given  by  Professor  Sillini; 

in  the  preface,  was  that  he  might  place  in  the  hands 
his  classes  a  comprehensive  treatise  on  geology  which  they  "would 
willing  to  rend  and  able  to  understand.''  The  lecture  notes,  whi 
merit  our  attention  here,  comprised  126  pages  and  may  be  review 
in  some  detail  as  illustrating  the  character  of  instruction  given  at  tl: 
time. 

Siiliman  announced  himself  as  being  neither  a  Wernerian  nor  Hi 
tonian,  but  simply  a  student  of  facts.  The  classification  was,  ho 
ever,  largely  Wernerian,  though  he  says:  "It  is  one  of  convenien 
merely,  and  therefore  there  is  no  hesitation  in  deviating  from  it, 
in  substituting  other  views,  when  they  appear  preferable."  Thed 
coveries  of  geology  h(^  regarded  as  consistent  with  the  biblical  accoui 
and  "  respecting  tlie  deluge,  tliere  can  be  but  one  opinion  *  * 
geology  fully  confirms  the  scripture  history  of  that  event." 

The  earth,  he  conceived,  as  at  an  early  stage  covered  superficially 
a  watery  ab>'ss,  containing  in  solution  acids  and  alkalies  such  as  woi 
augment  its  solv(»nt  powers.  He  regarded  the  solubility  of  all  t 
existing  elements  forming  the  crust  of  the  globe  as  clearly  and  act 
ally  demonstrated,  but  found  a  serious  difficulty  in  attributing  to  t 
quantity  of  waters  that  now  exist  *  *  *  sufticient  power  to  si 
pend  all  the  materials  of  those  rocks  that  bear  marks  of  deposition  frc 
a  state  of  chemical  solution.  Among  other  possibilities  he,  howev< 
seriously  considei-ed  that  of  a  ])ortion  of  the  then  existing  waters  ha 
ing  "  been  received  into  cavities  of  the  earth,  to  await  a  future  call 
deluge  the  surface  anew."  From  this  solution  the  primitive  rocks 
gmnite,  gneiss,  mica,  slate,  and  some  of  the  limestones — were  regard 
as  having  Immmi  deposited,  the  author  thus  far  following  Werner. 

The  (juestion  as  to  the  origin  of  mountains  and  of  the  continei 
was,  with  him,  a  vexed  one*.  *'Somi'  imagine  that  entire  mountii 
ranges  and  even  entire  continents  have*  been  niised  by  the  force 
subterranean  Hre,''  ancl  ho  saw  no  inconsistency  in  admitting  that  Ik: 
igneous  and  aqueous  agencies  might  hav(»  been  active  in  their  prodi 
tion.  But,  as  to  tin*  source  of  the  materials  from  which  thev  w* 
formed,  he  felt  by  no  means  clear.      If  .>up])lied  from  regions  imii 

"  Acconlinjrto  Hall  (TraiisiH'ti(Ui>  c*!"  xUv  AimTiraii  AK^ooiatioii  of  <uH)logist^J,  IS- 
4lM,  VanuxtMii  was  the  tii-st  to  |K)iiit  out  the  similarity  of  some  of  the  went^^rn  fori 
tioiis  with  those  of  New  Y<»rk.  identifying'  the  lower  rocks  of  Ohio,  Kentucky,  a 
TfnuoHsei'  with  the  Trenton  limestone. 
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iliatelv  beneath,  what  tills  the  void?  he  asked.  If  it  is  arched  over 
from  side  to  side,  what  security  is  there  that  subterranean  tires  will 
not  melt  down  the  abutments  and  undermine  the  continents  But, 
whether  the  mountains  were  raised  from  below,  left  prominent  by  the 
$ul>sidence  of  the  contiguous  regions,  or  were  reared  by  accumulation, 
he  regarded  as  immaterial  for  his  present  purpose.  '*lt  is  agreed  on 
all  liands  that  they  existed  before  the  subsidence  of  the  early  ocean, 
whose  retreat  must  of  course  have  tirst  exposed  their  summits.'' 

Among  the  rocks  belonging  to  the  transition  period  he  included  the 
cryj^talline  limestones — marbles — of  Bennington,  Middlebury,  and 
Swanton  in  Vermont;  the  gray  wackes  of  the  Chaudiere  Falls  in  Lower 
Canada,  of  Rhode  Island,  and  of  the  ('atskill  Mountains;  the  breccia 
marble  of  Point  of  Rocks,  Maryland;  and  the  conglomerates  of  Dor- 
chester and  other  locatities  in  Massachusetts.  These,  as  is  well  known, 
are  now  relegated  to  various  widely  sepamted  horizons,  extending 
from  the  Cambrian  in  the  case  of  the  Swanton  marbles  to  the  Triassic 
in  the  case  of  that  of  Point  of  Rocks. 

The  manner  in  which  the  fossil  organisms  were  conceived  to  have 
become  imbedded  in  their  various  matrices  is  interesting: 

We  i^aii  not  doubt  that  the  aniinalH  received  their  existence  and  Hve<i  and  died  in 
an  (.x'ean  fuU  of  carbonate  of  lime,  in  solution,  or  in  ine<'hanical  suspension,  or  both. 
When  they  dieil  they  of  course  subsidecl  to  the  bottom  and  were  surrounded,  of*  they 
lay,  by  the  concreting  calcareous  matter;  *  *  *  the  interstices  were  filled  by  the 
(•alcareott*  deiK>sit,  and  this  being  more  or  less  chemically  dissolve<l,  produced  a 
firm,  eubcrystalline  mass,  a  section  of  which  shows  the  animals  sawn  through. 

Concerning  the  value  of  such  remains,  he  was  fully  cognizant: 
'*  Fossil  organic  bodie-s  contained  in  rocks  are  now  considered  as  good 
indicia  of  the  geological  age  and  character  of  the  strata  in  which  they 
occur." 

As  with  others  of  his  time,  Silliman  was  a  believer  in  the  Noachian 
deluge.  Indeed,  in  point  of  detail,  he  outdid  all  others  in  his  attempts 
at  harmonizing  apparently  (conflicting  statements  and  ideas  and  wrote, 
as  Huxley  has  aptly  expressed  it,  ^' with  one  eye  on  fact  and  the  other 
on  Genesis. ■'  *^ There  is  decisive  evidence  that  not  further  back  than 
a  few  thousand  years  an  universal  deluge  swe])t  the  surface  of  the 
glol)e."  This  deluge,  it  should  be  reinark(»d.  was  considered  ({uite  dis- 
tinct from  the  original,  primeval  ocean,  and  to  have  been  i)rought 
al)out  through  direct  intervention  of  the  C-reator  for  the  purpose  of 
punishing  and  partiall}"  exterminating  the  race.  It  was  sudden  in  its 
occurrence,  short  in  duration,  and  violent  in  its  effects.  In  order  to 
account  for  the  biblical  expression,  '*the  fountains  of  the  great  deep  were 
broken  up,'-  Silliman  offered  the  suggestion  that,  contemporaneous 
with  the  forty  days  and  nights  of  rain,  a  deluge  of  water  bui-st  forth 
from  the  bowels  of  the  earth,  whence  it  was  forced  by  the  sudden  dis- 
engagement of  gases,  the  presence  of  the  subterranean  water  he  having 
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already  convenient ly  aceountecl  for  by  assuming  that  it  was  derived 
from  (hi»  primeval  oee^n  at  the  time  it  shrank  away  and  left  the  dry 
land.  Sufficient  water  to  cover,  when  forced  to  the  surface,  the  high- 
est mountams,  could,  he  cjilculated,  Ik?  contained  in  a  cavitj'  the  cubical 
content  of  which  was  only  one  two  hundred  and  sixty -fifth  part  of  the 
globe. 

Assuming  that  the  antediluvian  mounhiins  were  the  same  as  to-day, 
but  somewhat  higher  (say,  5^  miles),  and  accepting  the  fact  that  they 
were  covered  by  the  water,  Silliman  proceeded  to  show  that,  with  a 
time  limit  of  fortv  davs,  the  watt^r  rose  at  the  rate  of  a  foot  in  two 
minutes  -i.  e.,  IM)  fei^t  an  hour,  or  181  feet  in  the  time  of  a  common 
flood  or  el)b  tide,  3()2  feet  in  the  time  of  the  ordinary  ebb  and  flow  of 
the  tide,  or  72*l  feet  in  twenty-four  hours. 

The  inequalities  in  the  surface  of  the  land  would,  however,  increase 
even  this  rate,  and  a  very  graphic  picture  is  drawn  of  **the  incon- 
ceivably violent  torrents  and  catanicts  everywhere  descending  the 
hills  and  mountains  and  meeting  a  tide  rising  at  the  rate  of  more  thau 
701)  feet  in  twentv-four  hours." 

It  is  to  such  a  c^itastrophe  that  he  believed  to  be  due  the  extinctioD 
of  whole  races  of  vertebrate  animals,  like  the  Siberian  mammoth  and 
others.  That  such  would  be  amply  suflicient  no  one  will  be  likely  to 
doubt. 


CHAPTER  III. 

THE  ERA  OF  STATE  SURVEYS,  FIRST  DECADE,  1830-1839. 

The  decade  beginning  with  1830  stands  out  prominently  as  an  era  of 
public  surveys.  With  the  exception  of  the  single  abortive  attempt 
oiade  in  North  Carolina  in  1824  no  surveys  at  other  than  private 
expense  had  thus  far  been  attempted,  though  the  subject  had  more 
than  once  been  agitated.  During  this  inter\  al,  however,  scarcely  a 
year  passed  but  witnessed  the  establishment  of  a  State  survey  or  the 
organization  of  an  exploring  expedition,  to  which  a  geologist  was 
attached.  Thus  were  established  survevs  in  Massachusetts  in  1830: 
in  Tennessee  in  1831;  Maryland  in  1834;  New  Jersey,  (^onnecticut, 
and  Virginia  in  1835;  Maine,  New  York,  Ohio,  and  Pennsylvania  in 
1836;  Delaware,  Indiana,  and  Michigan  in  1837,  and  in  New  Hamp- 
shire and  Rhode  Island  in  1839.  In  addition,  the  United  States  Gov- 
ernment for  the  first  time  recognized  the  practical  utility  of  the 
geologist  by  authorizing  the  surveys  by  G.  W.  Featherstonhaugh  of 
the  elevated  countrv  between  the  Missouri  and  R(»d  rivers  in  1834  and 
of  the  Coteau  des  Prairies  in  1835,  and  by  1).  I).  Owen  of  the  mineral 
lands  of  Iowa,  Wisconsin,  and  Illinois  in  183U. 

The  Wilkes  exploring  expedition,  with  J.  D.  Dana  as  geologist,  was 
also  organized  and  sent  on  its  way  in  1838.  Beyond  the  limits  of  the 
United  States  Abniham  Gesner  was  doing  important  work  as  provin- 
cial geologist  in  Nova  Scotia  and  New  Brunswick.  Eaton  and  Maclure 
were  still  in  the  field,  but  new  workers  were  rapidly  forcing  their  way 
to  the  front,  and  the  influence  of  the  two  pioneers  was  already  on  the 
wane.     Other  names  which  appear  in  this  decade  and  grow  to  prom- 

■ 

inenee  are  Timothy  A.  Conrad,  James  Hall,  William  Mather,  D.  1). 
Owen,  J.  G.  Percival,  and  H.  I).  Rogers. 

In  1830  Eaton  published  the  first  edition  of  his  Geological  Text-book, 
*n  octavo  volume  of  64  pages,  accompanied  by  a  colored  geological  map 
exhibiting  a  general  view  of  the  economic  geology  of  New  York  and  part 
B.^.  of  the  adioininiif  States,  the  work  for  which  had  been 

?^  t  (kotofical  .  . 

|J2*^''»  done  under  the  direction  of  the  Hon.   Stephen  Van 

Rensselaer. 
The  booh  is  worth}'  of  a  somewhat  extended  notice,  since  it  gives  us 
4n  insight  into  the  character  of  the  instruction  furnished  students  at 
that  time  at  the  Rensselaer  Institute,  and  also,  since  it  was  Eiaton's 
second  attempt  at  preparing  a  text-book.  His  first  attempt,  it  will  be 
Pemeaibered,  was  his  Index  to  th(»  (leology  of  the  Northern  States, 
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publishod  in  ISIS,  a  second  edition  of  which  appeared  in  18io.  In 
these  works  he  was  anticipated  only  by  Parker  Cleaveland' 8  Text-lnjok 
of  Geology  and  Minemlogy,  which  appeared  in  1S16,  though  the  volum** 
we  are  now  discussing  was  anticipated  in  lS2t>  by  the  work  of  Emmoii'*. 

Eaton's  general  views  regarding  the  formation  of  the  various  geul(»j|:- 
ical  deposits  are  summed  up  as  follows:  *"  The  earth  is  composed  of 
masses  of  rocks  and  detritus  which  are  more  or  less  extensive  and  uni- 
form in  their  chanictcristic  <*onstituents."  *^ These  masses  are  inaptly 
in  regular  d(»ix)sits,  and  those  of  the  same  structure  and  composition 
regard  the  same  order  of  supi^rposition  in  relation  to  each  other."  A 
few  of  the  outermost  mjisses,  having  no  reference  to  each  other*  ht 
called  ^*  anomalous  deposits/'  He  divided  these  regular  deposits  inU 
live  series,  called  classics,  eacjh  of  which  ^^  consists  of  three  formation? 
which  are  found  to  ))e  corresponding  e(piivalents  in  all  the  serie? 
The  lowest  formation  in  each  series  is  M/afy  or  in^gilhteeous  and  alvray: 
contains  beds  of  (uirhon  in  the  state  of  coal,  anthracite,  or  plumbago.' 
The  next  is  silicious  and  destitute  of  beds  of  carbon,  and  the  upper 
most,  also  lacking  in  carbon,  is  comj>ose<i  chiefly  of  carbonate  of  lime 

All  the  primitive  formations  he  regai'ded  as  deposited  in  the  fonn  o 
concentric  spheres  like  the*  coats  of  an  onion.  These  contained  th( 
materials  of  which  all  outer  formations  were  afterwards  made  up 
''  Soon  aftei"  these  deposits  were  laid  down  they  were  broken  u] 
through  several  northerly  and  southerly  rents  b^^  a  ven'  great  fore* 
exerted  immediately  beneath  tb<»  lowest  of  the  primitive  strata.  1' 
this  senii-indurat(»d  and  br<)k(Mi  state  materials  were  readily  furnislie' 
for  the  outer  strata."  Tlu*  source  of  the  force  producing  these  rent? 
it  will  b(»  remembered,  was  in  his  rarly  works  regarded  as  problematic'' 
(p.  238). 

In  this  last  work  h(\  however,  solved  the  problem  in  a  manner  1h* 
understood  by  reference  to  the  tigun's  here  reproduceil,  which  I 
claimed  w<'re  an  im[)rovenieiit  on  those  given  in  the  Index. 

The  earth  is  here  supposed  to  b(»  cut  into  two  parts  at  the  fort 
s(M'ond  degree*  of  north  hititu<h'.  Liirge  bodies  of  combustibles  of  a 
undetermined  nature,  it  will  be  observed,  are  ccmveniently  ston 
under  what  arc*  now  the  regions  of  niaxinuun  disturbance,  as  the  Rocl- 
Mountains,  New  Kngland,  (ireat  Britain,  the  Alps,  i^yrenees,  Caucasu 
and  the  Ilinialavas. 

In  the  M'cond  tigui'e  combustion  is  supposed  to  have  taken  plac 
whereby  an  exi)losion  was  j)roduced  which  burst  through  the  primiti' 
and  transition  s(»ries,  and  appalling  indeed  must  have  been  the  result 

A  geological  segment,  not  rei)roduced  here,  gives  in  greater  detj 
a  section  across  tin*  American  continent,  showing  the  Internal  nuclei 
the  areas  of  combustible  matter  under  New  York  State  and  the  Rocl 
Mountains,  and  the  altiM-nation  M  the  regular  deposits,  illustmti 
his  ideas  as  to  the  present  condition  of  the  earth.     The  combu.stil 
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materials  at  this  time  are  supposed  to  1»e  nearly  exhausted,  although 
still  sufficient  to  cause  ordinary  eailh(juakes. 

The  superficial  rocks  of  the  crust,  its  shown  in  this  section,  were 
divided  into  four  series,  each  of  which  was  made  up,  in  ascending  order, 
of  Carboniferous,  Quartzose  and  Calcareous  rocks.  The  definitions 
of  the  various  classes  forming  the  tmnsition  and  secondary  remained 
much  as  in  the  early  work,  excepting  that  he  divided  his  Class  III 
into  a  lower  and  upper  division  and  added  a  fifth  series,  the  Tertiary, 
this  latter  including  those  strata  which  contained  remains  of  viviparous 
vertebral  animals. 

The  so-called  anomalous  deposits  w;ere  those  which  have  been  pro- 
duced at  the  earth's  surface  by  fusion  or  disintegration  of  regular 
strata,  and  were  divided  into  (1)  Volcanic  deposits,  (2)  Diiuvion,  (3) 
Postdiluvion,  and  (4)  Analluvion,  the  last  including  what  are  known 
as  residual  deposits — that  is,  those  which  result  from  decay  in  situ. 

In  the  second  edition  of  this  work,  published  in  1832,  the  same  gen- 
eral ideas  were  advanced  regarding  the  formation  and  uplifting  of  the 
various  rocks;  a  much  more  satisfactory  chapter  added  on  the  charac- 
ter and  objects  of  geology,  and  also  a  chapter  on  organized  remains 
as  auxiliaries  in  the  detenniiiation  of  rocky  strata,  in  this  respect  the 
second  edition  being  decidedly  in  advance  of  the  first." 

Many  of  the  ideas  put  forward  in  the  chapter  on  the  character  and 
objects  of  geology  are,  in  the  light  of  to-day,  peculiarly  interesting. 
The  desire  to  harmonize  all  phenomena  witnessed  with  the  biblical 
account  of  the  deluge  was  still  manifested: 

Geologital  fa<'t8  lea<l  uh  to  the  history  ai  c'reate*!  beingH  long  anterior  to  written 
records.  Such  records  may  Ik»  erroiu^ous,  an<l  we  have  no  means  of  correcting 
them.  But  get)lojrical  records  are  perpetual,  unvarying,  and  can  not  be  vitiated  by 
interpolations  or  counterfeits.  For  example:  The  written  history  of  the  delog^ 
might  be  varie<l  more  or  less  by  erroneous  copies  and  incorrect  translationi?.  But 
the  geological  rcn-ords  of  divine  wrath  poured  out  upon  the  rebellious  inhabitants  of 
the  earth  at  that  awful  jK»rio<l  (^an  never  be  effai*e<l  or  changed.  These  later  reconis 
ad<l,  to  the  Mosaic  account,  that  even  the  antediluvial  beasts  of  the  forests  and  fens 
partook  of  the  ferocious  nature  and  giant  strength  of  antediluvial  man. 

The  })ed  of  Lake  Onbirio  Eaton  re^rded  as  made  by  the  rapid  dis- 
intet^nition  of  SalitVrous  and  Carboniferous  roek,  while  the  l)edsof 
Lake  Chaniplain  and  the  Mohawk  and  Hudson  rivers  were  thought  to 
have  originated,  for  the  most  part,  by  the  disintegration  of  rocks  at 

«Th(»  e<lition  of  1K32  was  issued  and  sold  under  direct  8Ui)ervi8ion  of  the  author. 
The  following  note  relative  thereto  is  in  i>088e8sion  of  the  present  writer: 

To  (ieneral  Howe  (or  whoever  has  ret:eiveil  my  geological  text-book),  deliver^ 
copy  of  my  text-l>ook  to  Professor  Silliman  and  another  to  Professor  Tulley  (?K  *^^ 
my  account.  Charge  them  to  William  S.  Parker  and  I  will  cause  the  same  to  b 
charge<l  to  me  and  also  to  l)e  credite^l  to  you.     July  24,  1832. 

Amos  Laton. 

N.  H.  1  publish  this  edition  myself,  an<l  have  paid  all  (ash,  by  way  of  triaL 
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line  of  contact  ]>etwe€ii  differont  formations.  "The  deep  bed  of  the 
Hudson  a<To.ss  the  Highlands,  liowever,  may,  without  extravagance, 
be&wTibed  to  the  fusion  by  volcanic  heat  which  produced  the  basaltic 
Palisades  below  the  chasm.  The  same  hypothesis  may  be  well  applied 
to  the  channel  of  the  Connecticut  River  north  of  the  northern  line  of 
Massachusetts,  whence  the  volcanic  lava  flowed  which  now  covers  a 
series  of  basaltic  prominences  which  form  the  northern  part  of  Long 
bland  Sound."  And  this  as  late  as  1830-1832!  Yet  the  Rensselaer 
school,  where  Eaton  was  teaching,  was,  and  continued  to  be  for  many 
years,  the  chief  training  school  for  American  geologists.  Fortunately, 
his  students  were  taught  to  thlnl'  and  not  to  blindly  follow. 

Eaton  claimed  at  this  date  (1832)  to  have  devoted  more  time  and 
labor  to  American  geology  than  any  other  individual,  and  credits  Gen. 
Stephen  Van  Rensselaer  with  having  furnished  the  necessary  facilities. 
"I  made  the  first  attempt,"  he  wrote,  ''at  a  systematic  arrangement 
of  American  rock  strata."  The  various  discoveries  which  he  thought 
might  be  claimed  as  having  been  made  under  the  auspices  ab6ve  noted 
areas  follows: 

(1)  That  each  of  the  classes  of  rocks  always  begins  with  a  Carbonif- 
erous slate  and  terminates  with  calcareous  rocks,  having  a  middle 
formation  of  quartzose. 

(2)  The  discovery  of  ferriferous  stratum  containing  argillaceous 
iron  ores,  and  which  extends  unbroken  from  near  Utica  to  the  extreme 
termination  of  Lake  Ontario,  in  Upper  Canada. 

(3)  That  the  bog-ore  properly  belongs  to  the  Tertiary  formation. 

(4)  That  talcose  slate  is  the  grand  repository  of  hematitic  iron  ore, 
peroxide  of  manganese,  and  native  gold. 

(5)  That  the  Corniferous  lime  rock  is  the  true  carboniferous  only. 

(6)  That  crystalline  granite  is  not  entitled  to  a  place  among  general 
strata,  as  it  is  never  found  other  than  as  a  bed  or  vein. 

(7)  That  granular  quartz  rock  and  granular  lime  rock  are  entitled  to 
a  plac«  among  general  strata. 

(8)  That  all  primitive  rocks,  excepting  granular  quartz  and  lime 
rocks,  are  contemporaneous. 

(9)  That  there  is  evidence  of  a  diluvian  stratum  having  been  depos- 
ited near  the  termination  of  the  deluge,  which  formed  an  universal 
mantle  about  the  earth. 

In  discussing  the  "regular"  deposits,  he  wrote: 

They  exhibit  grounds  for  conjecture,  if  not  absolute  demonstration,  that  the 
Hirfaoe  of  the  earth  had  undergone  five  general  modifications  which  no  animals 
fiin'ived.  Four  of  these  modificatiouH  were  followed  by  as  many  new  creations  of 
ftoimals,  two  new  cTeations  succeeding  the  final  depositions  of  all  regular  strata.  In 
the  whole  there  appeared  to  have  l)een  five  creations  of  animals  at  least,  and  per- 
laps  t4»n,  since  the  primitive  mans  of  earth  was  formed. 
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III  his  chapter  on  soils,  it  is  instru(*tive  to  note,  he  recognized  and 
emphasized  a  principle  now  generally  accepted,  to  the  eifect  that  the 
fertility  of  the  soils  does  not  depend  upon  ultimate  chemical  constitu- 
tion, but  rather  upon  physical  properties;  that  a  fertile  soil  should 
contain,  first,  sufficient  stones  and  ix?bble^  to  keep  it  open  and  loose 
second,  sufficient  clay  to  absorb  and  hold  water  in  the  right  proper 
tion;  and  third,  sufficient  tine  sand  to  prevent  the  clay  from  baking  ii 
time  of  drought. 

That  the  fertility  of  a  soil  could  not  1k^  told  by  a  chemical  analTsii 
had  l)een  stilted  bv  him  some  vears  earlier,  a,s  follow^s: 

Suppose,  ill  one  Hi)e(!iinen,  the  Hoil,  etc.,  should  be  quartz,  in  another  feldspar,  ii 
another  hornblende,  in  another  napphirf^  in  another  diamond,  would  there  be  an; 
difference  in  the  influence  of  the  sand,  etc.,  upon  the  productive  quality  of  thewi 
on  account  of  the  different  ultimate  elementfl  of  which  these  different  minerals  ar 
coiu|Mjhied?  Should  they  be  so  far  decomposed,  at  some  future  period,  as  ti>  becoiw 
an  impaljmble  j)owder,  j)erhajj6  they  may  then  differ  in  their  mfiuence  upon  vegeta 
tion.  Perhaps  we  may  foretell  the  future  state  of  the  country  a  centurj'  or  two  V 
come,  where  such  extreme  disintegration  is  effected.  But  the  difference  in  the  ulti 
mate  constituents  can  not  j)ossibly  affet^t  the  question  of  fertility  or  barrennesf  aiih 
time  the  nnalydm  h  made.  For  whatever  effet^t  can  l)e  ascribable  to  the  one  ia  equall] 
a  proj)erty  oi  the  other.  They  all  hold  water  on  their  surfaces  by  the  attraction  o 
adhmon;  they  all  keej)  the  soil  duly  open  ami  j)orous  to  give  ])a88age  to  the  roots  o 
vegetabU>s;  they  all  aid  alike  in  ^)racing  up  plants  and  in  keeping  them  in  a  fixec 
position,  etc.  Whatever  is  effected  by  one  is  effected  by  all— size,  form,  quantity 
and  all  circumstances,  other  than  their  constituent  elements,  agreeing. << 

To  this  second  edition  he  added  a  chapter  of  some  11  pages  on  th( 
science  of  mining,  one  of  12  })jiges  on  localities,  and  5  jmges  on  fossils. 
His  gnidually  expanding  views  as  to  the  value  of  fossils  in  geological 
work  an*  shown  in  his  paper  on  (Tcoiogical  Fiquivalents  of  this  yeai 
(l.SH'i).  He  here  advanced  the  idea  that  the  enumemtion  of  the  niin 
eral  <'onstitu(Mits  of  rocks  could  never  be  satisfactorily  applied  fortht 
determination  of  tli(»  relative  position  of  stmta,  but  that  recourse  musi 
be  had  to  the  organic  remains.  '•  We  tind  the  same  organized  remain.' 
associated  with  ccpiivalent  strata  in  every  part  of  the  earth/'* 

If  we  are  to  judge  from  the  preface  of  the  edition  of  1830,  Eatoi 
was  h\  no  means  lacking  in  (Egotism,  and  had,  at  time>!,  an  unfortuiiat( 
way  of  expressing  his  o})inions,  such  as  nmst  have  aroused  autagonisu 

''American  .lounial  <>f  Scii-ncc,  XII,  June,  1S27,  p.  ,S70. 

''The  lirst  c«litinn  iA  Katon's  work  was  somewhat  savagely  reviewe<l  by  a  writer ii 
the  North  American  Review  for  April,  1881.  From  its  perusal  one  might  be  le<i  t< 
suppose  that  the  followinj^  extract  from  a  letter  hy  Eaton  to  Sillimau  in  1839  hadi 
sonn<hT  hasis  than  Katon  would  himself  he  likely  to  acknowledge.  He  wrote:  " 
was  one  (»l  your  earliest  correspondents  on  geology,  consequently  it  is  to  be  presume 
that  I  have  intro<luco<l  n»ore  errors  to  the  puhlic  through  your  journal  than  any  oth< 
indivi<lual."  Most  writers  will  say  things  of  themselves  which  they  would  reeent 
said  bv  others. 
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io  the  minds  of  his  collaborators.     Thus,  in  referring  to  the  work  jiist 
mentioned,  he  wrote: 

A  kxt-hook  is  too  small  a  name  for  these  days  of  puffing  arrogance.  But  I  pro|>ose 
to  present  all  my  supposed  heresies  to  the  geological  fraternity  in  this  form  and  under 
thu  title.  And  I  h^  the  favor  of  the  most  rigorous  criticism  upon  this  book,  small 
as  it  is.  To  stimulate  men  of  science  to  the  work  of  examination  and  of  criticism,  I 
will  state  that  I  intend  to  publish  considerable  in  scientific  journals,  also  a  full 
sygtem  upon  this  plan.  As  I  have  had  more  than  7,000  ])upiis  already  (rather 
uditorB),  and  shall  probably  have  more  still,  it  will  Ixj  well  for  them  **  to  be  on  the 
ftlert*'  if  I  am  propagating  errors^  I  am  not  in  sport;  I  have,  during  the  last  fifteen 
years,  traveled  over  17,000  miles  for  the  exj)re8«  purpose  of  collecting  geological 
materials,  the  results  of  which  are  comprised  in  this  little  octavo  pamphlet  and 
exhibited  in  the  accompanying  map  and  wood  cuts. 

I  may  be  accused  of  fickleness,  on  account  of  the  changes  which  appear  in  every 
ioooeseive  book  I  publish.  I  confess  this  is  the  ninth  time  I  have  publishetl  a  geo- 
logical nomenclature,  and  that  T  made  changes  in  eac^h  of  more  or  less  importance. 
But  I  have  always  consulted  my  scientific  friends,  and  every  change  was  founded  on 
new  discoveries  in  **  matters  of  fact." 

And  further  on: 

Students  for  whom  this  text-book  is  intended  may  feel  no  interest  in  anything 
pemmal  relating  to  myself.  But  I  will  throw  this  |>aragraph  in  their  way.  I  have 
been  accused  of  arrogance  for  stating  facts  relating  to  American  geology  without 
foraudly  bowing  to  European  authorities.  *  ♦  ♦  l  confess  that  this  is  a  kind  of 
"ipee dixit"  text-book.  It  is  so,  l>ecause  the  plan  does  not  admit  (^f  demonstration. 
In  a  future  publication  I  intend  to  cite  authorities  from  nature  to  illustrate  my 
viewB.  But  1  am  prepared  to  abandon  any  of  them,  as  I  have  frequently  done  here- 
tofore, in  cases  of  numerous  errors,  to  which  I  am  still  subject. 

Geology  is  a  progressive  science,  and  he  who  has  any  respect  for  his  future  repu- 
tttion  should  be  exceedingly  cautious  about  committing  himself  on  matters  of  fact 
or  speculation.  1  confess  that  I  have  moat  egregwnsly  violated  this  rule,  l>ut  there 
v^  peculiar  circumstances  in  my  case,  arising  from  my  being  *'a  hireling  <lnidge'* 
tothemost  munificent  patron  of  this  science  (Stephen  Van  Rensselaer),  which  will 
palliate,  at  least,  if  not  justify. 

I  despise  arrogance;  but  I  am  within  sixteen  years  of  the  **  three  score  and  ten,*' 
when  the  mind  of  man  is  averaged  beyond  the  j)erio<l  of  vigorous  effort.  About  two 
wore  of  these  years  have  been  devoted  to  natural  science.  I  offer  this  as  an  aiK)logy 
Wsome  dogmas  forbidden  to  youth. » 

In  July  of  1831  there  appeared  the  first  number  of  G.  W.  Feather- 
stonhaugh's  Monthly  American  Journal  of  (Toology  and  Natural  His- 
tory. This  proved  a  short-lived  but  vigorously  conducted  journal  in 
^    ^  which  essays  on  ereoloifv,  as  understood  bv  the  editor, 

jMrMiefOMiosy,    Occupied  a  leading  part  in  each  nmnber.     Troubh^s, 

financial  and  otherwise,  besc^t  th(»  venture,  and  amongst 
the  "  otherwise ''  maybe  mentioned  a  lack  of  appreciation  and  support 
vhere  he  apparentlj'  had  a  right  to  expect  both.  '"So  that  a  work 
which  has  hitherto  been  stamped  with  general  approbation,     *     *     * 

"One  can  almost  imagine  him  saying  with   Knierson  ''What  is  well  done  I  feel  as 
il  1  did,  what  is  ill  done  1  reck  not  of." 
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has  not  been  permitted  to  have  a  single  subscriber  in  New  Haven,  the 
pretended  seat  of  an  American  Geological  Society/'  is  his  fierce  plaint 
in  the  ninth  issue." 

Featherstonhaugh  was  a  man  of  English  birth  and  some  means,  who 
came  to  America  when  quite  young  apparently  merely  through  love  of 

<i  Featherstonhaugh's  efforts  ^)eeIn  to  have  been  better  appreciated  abroad  than  at 
home,  if  we  may  judge  from  the  following: 

The  editor  lays  before  his  rea^iers,  with  a  junt  pride  and  entire  Fatisfaction,  the 

following  conimuni(!ation  from  the  president  of  the  Geological  Society  of  London, 

and  other  distinguished  naturalist: 

I^NDON,  June  18,  18S1. 

My  Dear  Sir:  We,  your  undersigneci  friends  in  England,  are  happy  to  learn  thai 
yon  propose  to  establish  a  new  i^riodical  work  in  the  United  States,  which,  in 
embracing  all  subjects  connected  with  the  natural  history  of  America,  is  to  be 
specially  devoted  to  the  accumulation  of  geological  fairts  and  phenomena. 

Knowing  your  zeal  and  ability,  we  have  great  hopes  that  a  work  so  directed  will 
meet  with  every  encouragement  in  your  coimtry,  and  we  are  certain  that  it  can  not 
but  be  of  service  to  the  I'ause  of  science  in  general. 

We  shall  at  all  times  Ije  desirous  of  aiding  you  with  any  communication  in  our 

power,  and  we  suljscribe  ourselves, 

Yours,  very  faithfully, 

Roderick  Impey  Mubchison, 

President  of  the  Ocoloffical  Society  of  Lcmdm. 

Da  vies  Gilbert, 

Vice-Prmdeiit  Jiotfal  Society- 

W.  I).  CoNVBEARE.  F.  R.  S.,  F.  (i.  8.,  etc. 

A.  SEiKiwicK,  F.  R.  S.,  F.  (r.  S.,  etc., 

FeUmc  of  Trinity  College^  Oimbridgt. 

Wm.  RiTKLANi),  I).  D.,  F.  R.  S.,  etc., 

Chrixt  Church  Colleye,  Oxford. 

(TEoRiiK  Bellas  (tkeenough,  F.  R.  8.,  etc. 
CiiARLRs  Stokes,  F.  R.  S.,  etc. 

P.  S. — I  can  not  refrain,  in  i)articular,  on  my  own  part,  fnmi  expressing  the  «leiure 
which  I  feel  for  the  a|>j>eanince  of  the  projMwed  publication,  as  likely  to  omducein 
the  most  important  |X)ints  to  the  effe«'tive  progress  of  geology;  to  awtrertain  in  detail 
the  suite  of  formations,  an<l  the  serit^s  of  organic  remains  distinguishing  them  in* 
new  continent,  so  widely  separated  from  the  old,  and  embracing  such  a  range  of  vari- 
ous (tlimate.  So  to  compare  the  phenomena  with  those  of  Kuroj^  has  ever  appeartni 
to  me  the  most  material  desideratum  in  geology,  for  we  may  l.>e  sure  that  any  analo- 
gies which  are  common  to  l(K*alit.ie8  geographically  so  distant,  and  plai»e<l  under 
physical  conditions  so  distinct,  are,  in  truth,  analogies  Ijehmging  generally  to  the 
whole  globe;  and  thus  we  shall  obtain  <lata  a<le<]uate  for  the  foundation  of  a  general 
geological  theory. 

Well  accjuainted  with  the  attention  yon  have  paid  to  tlie  formations  on  thissideof 

the  Atlantic,  1  am  convince<l  that  the  execution  of  this  task  I'an  not  fall  into  more 

conii)t»tent  hands. 

W.  D.  Conybeare. 
(i.  W.  FEATHEKSTONHAr(4n,  l^^j.,  Philadelphia, 
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.  Being  of  good  pi'esence — standing  more  than  ti  feet  in  heij^lit, 
tducated,  and  an  accomplished    muHiciati— he  easily   procured 

admission  into  the  best  of  society,  married  an  Ameri- 
tiiih^nii     c*"  girli  ft"d  established  himself  at  Duanesbui^,  in 

New  York,  but  was,  apparently,  never  naturalized, 
pears  to  hare  taken  an  active  interest  in  agricultural,  »cicntitic, 
3litiL-a]  affairs,  and,  in  company  with 
>n  Van  Rensselaer,  became  one  of  the 
ors  of  the  i-ailroad  from  Albiiiiy  to 
ectiidj,  a  charter  for  which  was 
id  in  1826.  The  death  of  his  wife  and 
lighters,  however,  caused  him  to  leave 
tsburg  and  turn  his  thoughts  toward 
ittion  and  science.  He  therefore  re- 
l  to  Philadelphia,  where  hoestabHshcd, 
1,  the  journal  above  mentioned. 
1834,  and  again  in  1835,  he  was  iip- 
d  a  (lovernment  geologist,  l>ut  his 
was  extremely  superficial  and  of  only 
ical  interest.  Concerninghis  work  in 
;vated  country  lying  between  the  Mis- 
and  Red  rivers — the  Ozark  region^and  his  suhsetiuent  work  in 
>per  Mississippi  region,  Whitney,  after  numerous  quotations, 
ks:" 

I  the  above  it  will  be  eecii  that  thin  e>o-oalle<l  iKoIoKical  recoDnaifsance  was 
a  worthless  nibbish  as  could  well  in:  put  togf  ther,  ni-ither  rorrwlly  tlescriliing 
la  which  came  under  their  author'^  obser\'atioii,  nor  giving  any  theoretical 
'orthy  a  moment's  notice,  exo^pt  from  iheir  absurdity. 

year  1831  seeme,  on  the  whole,  to  have  Iwen  singularly  une- 
d  in  geological  history,  but  few  jjapers  of  importance  appearing, 
gh  undoubtedly  a  large  amount  of  hard,  preliminary  work  was 

being  done. 
i.^SJ^S!       Perhaps  the  most  important  event  of  the  year  was 

the  establishment  of  the  State  geological  survey  of 
ssee,  with  Gerard  Troost,  then  professor  of  geology  and  chem- 
n  the  University  of  Na-ihville,  but  formerly  of  Philadelphia,  at 
id.  This  sur\'ej-  continued  in  existence  until  1845,  during  whii-h 
ight  annual  repoits  were  made,  the  tirst  two  of  which  were  not 
bed.  The  third  report,  made  in  October,  1835,  comprised  but 
:avo  pages  and  dealt  particularly  with  the  extent  of  the  coal 
tions  and  investigations  of  the  soil,  marls,  and  iron  ores.  It  was 
panied  by  a  geological  map,  in  which  the  coal  area,  colored  in  pink, 
dicated  as  extending  in  a  gradually  narrowing  Ik'U  from  the  north- 
>  the  southwest  in  the  region  lying  we^t  of  the  Tennessee  River, 


"  Vpjier  Miffirv'ipfi  L^'ad  Rejrion,  lHfi2,  \\  t*. 
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Troo8t\s  fourth  report  appeared  in  1837,  in  form  of  a  pamphlet  o 
37  pages.  Of  thet<e  the  first  "20  were  given  up  to  a  general  expositioi 
of  geology,  as  he  understood  it.    This  was  followed  by  a  description  o 

that  part  of  the  State  lying  south  of  the  Hiwasse 
Report,^ M??**         Ri ver  and  east  of  the  Tennessee,  and  known  as  the  Ococ 

district.  A  map  of  this  district  and  a  colored  geoloj 
ical  section  were  given,  the  latter  extending  in  a  genei*al  nortbeA! 
to  southwest  dirertion  from  the  Tennessee  River  to  a  point  na 
Nicajack.  The  entire  area  to  ttie  point  of  the  intersection  of  the  Chatt 
nooga  Creek  was  colored  as  occupi(»d  by  "'grauwacke,"  with  outcro] 
of  primordial  limestone  coming  to  the  surface  near  G)(|ua Creek.  Tl 
region  to  the  w(\st  of  Chattanooga  ( -reek  was  represented  as  underla 
by  mountain  limestone,  with  the  Coal  Measures  forming  Lookoi 
Mountain  and  Raccoon  Mountain.  These  Carboniferous  rocks, 
should  be  noted,  were  indicated  as  unconformable  with  all  other  rocl 
of  the  region. 

The  fifth  annual  report  was  made  November,  1839,  and  compria 
all  told  75  pages,  including  an  appendix.  This  was  accompanied  1 
a  colored  geological  map  of  tlu*  State,  the  first  which  had  thus  fj 

appeared,  and  also  a  colored  section  across  the  enti 
Annulu^^port.         State    froui    Roane  Mountain,  in  Carter  County, 

Randolph,  on  the  Mississippi.  On  this  map  the  Roai 
Moiuitain  rock  was  colored  as  primordial,  mostly  granite.  An  an 
from  and  including  th(»  Smoky  Mountains  to  a  ]X)int  a  little  west  < 
Kingston,  on  the  Clinch  Hivcr,  was  colored  as  transition,  comiKJSt 
of  graywji<'k(\  slate,  limestone,  and  sandstone,  all  alternating  with  eat 
other,  and  in  strata  highly  incliii(»d  and  dipping  toward  the  southeaii 
From  the  last-named  point  to  the  Tennessee  River  the  coimtry  wi 
stated  to  be  underlaid  l)v  mountain  lim(»stone  horizontallv  stmtifie* 
upon  which  rested  the  Cumberland  Mountains,  composed  of  ('oa 
Measure  rocks,  mostlv  horizontallv  stratified,  and  the  Buffalo  ai 
Harpeth  hills,  just  east  of  the  Tennessee  River,  which  were  put  (^()^^ 
as  formed  of  silic(M)us  strata,  assuming  sometimes  an  earthy  apfM^a 
ance,  sometimt^s  that  of  chert,  and  horizontallv  stratified. 

The  region  west  of  the  Tennessee  was  givcMi  as  mostly  occupied  t 
secondary  strata  composed  of  Cretaceous  marl,  greensand,  and  cla 
horizontallv  stratitit^l. 

It  should  be  noted  that  Troost,  while  seemingly  recognizing  tl 
importance  of  the  fossils  carried  by  the  rocks  of  various  ages,  did  n 
attempt  to  utilize  them  sy stiMuat ical ly  as  means  of  correlation.  ( 
page  IS,  how(»ver,  he  wrote: 

Tlu'  lowcj^t  part  nf  tlu*  stratmii,  wlicrr  it  is  near  the  encrinital  liinestono.  of' 
contains  nicnjlH-rs  of  lOnrrinito.  and  othci-  fossils  of  that  stratum,  and  an*  invarial 
nf  a  raln\rcons  natnro.  This  sh«)\vH  that  the  formation  of  those  sihceous  strata 
more  or  h^«>  (•ontemi)oraneous  with  the  encrinital  .-trata. 
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wtidition  of  paleotitological  science  at  thin  date  (1882),  so  far  aa 
ed  to  the  Trilohites  at  least,  iu  shown  by  Dr.  Jacob  Green's 
raph  of  the  Trilobites  of  North  America,  a  duodecimo  roluoie  of 
QS  pages  and  one  pinte  of  ten  Bgiire^^.  Thirty-three 
DNiiMk.  species  were  described.  In  a  supplement  bearing  dat« 
of  1835  this  number  wan  increased  to  forty,  A  werieH 
.  examples  of  which  are  ntill  to  be 
n  many  of  our  educational  institu- 
!companied  the  original  publication. 
rue  uature  of  the  Ti-ilnhite  was  at  tlmt 
t  well  understood.  Green  hinip^elf 
first  inclined  to  agree  with  Ijatreille, 
'ing  to  their  snpijosed  footless  eon- 
placed  them  intermediate  l)etween 
tons  and  the  Articulates."  Brong- 
ekay.  and  others,  it  will  l)e  rcincm- 
un.sidercd  them  as  belonging  to  the 

templated  chapter  on  this  l)rttn(li  of 

ect  remained  unwritten,  since  the  au- 

thatull  matters  of  disput*-  were  "  put 

\y  the  late  discovery  of  sonic  living  trilolfites  in  the  southern 

Concerning  the  exact  piwition  in  the  zoological  scale  of  these 

"  fomis  there  still  exists  some  doulit.     Dr.  James  Eights,  who 

•y  described  them  under  the  mime  of  ■S/zif/wna  Iniiimiitifiiriiiis, 

I  have  regarded  them  as  Isopods.     Amnions,  in  his  Geology  of 

■nd  District  of  New  York,  on  the  other  himd.  referred  to  them 

bites,  while  Zittel,  in  the  latest  edition  of  his  Handbook  on 

(logy,  refers  thenr  once  more  to  the  Iso|mk1s. 

'a  idea»  as  to  the  value  of  fossils  as  indices  of  gisological  age 

t  as  advanced  as  those  of  most  of  his  colleagues  or  as  his  time 

^d  one  to  expect.     After  quoting  some  of  the  prevalent  opin- 

adds  in  a  footnote: 

;  can  be  more  'oppoecil  t"  tnie  wieiiif  than  In  proncmnoe  on  iiriority  of 

or  the  comparative  a^  uf  ruckK  from  either  their  structure  or  the  organit: 

ley  present. 

ruing  Bronguiart's  exprcfwed  opinion  relative  to  the  prepon- 

value  of  fossil  over  lithological  criteria,  he  wrote: 
;mH  to  UM  to  Imply  an  ailmiwion  that  imliiing  definite  i«ri  Iw  inferred  from 
uf  tilt  rock*;  moreover,  lliW  U'twwn  the  mituro  of  tlie  rock  ami  tlie  oiifaiiic 
lere  may  heapa;|ial)le  ilifvreijaiii'v.  •  *  *  Tlie  event  has  proved,  from 
lave  already  mentioned,  that  no  evideniv  a-'  to  priority  can  be  obtaine<l 
:iatare  of  the  toanl  reniains  diiiiilayed  in  iiarticiilar  strata. 

"The  Trilobitei  have  aini^e  lieeii  shown  to  have  feet. 
'  HUB  1904 90 
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And  this  from  ji  paleontologist! 

Although  the  g(K)logical  map  referred  to  on  page  219  was  the  most 
important  of  Machire's  works  and  the  one  upon  which  his  famoiu$a 
geologist  largely  ^^sts,  th(^re  are  at  least  two  papers  of  later  date  that 

are  worthy  of  consideration.  The  first  of  these  l)^!^ 
the  West  Indies.        the   titlo   Observations  on  the  Geologv  of  the  West 

1832. 

India  Islands  from  liarbados  to  Santa  Cruz,  Inclu- 
sive. This  was  printed  for  the  author  in  pamphlet  form  in  183:?, 
while  he  was  at  New  Harmony,  Indiana.  The  mineralogical  nature  of 
the  materials  composing  the  islands  was  noted  as  well  as  many  of  the 
structural  features.  He  thought  to  divide  the  islands  into  two  distinct 
classes  on  geologicjd  grounds,  the  first,  or  most  eastern,  comprising 
the  islands  of  Barbados,  Marie  (jalante,  Grande  Terre  in  Guadeloupe, 
Desirade,  Antigua,  St.  Bartholomew,  St.  Martin,  Anguilla,  and  Santa 
Cruz.  These  he  found  composed  mainly  of  shell-limestone  or  madre- 
pore rock  belonging  to  the  transition  class,  though  sometimes  capped 
by  secondary  rocks.  The  second  class,  including  the  Grenadines,  St 
Vincent,  St.  Lucien,  Martinique,  Dominica,  IWse  Terre  in  Guade- 
loupe, Montsermt,  Nevis,  St.  Christopher,  St.  Eustatia,  and  Saba, 
were  more  or  less  volcanic  and  n^garded  as  probably  thrown  up  from 
the  bed  of  the  ocean.  Such  an  origin  he  felt  to  be  proven  by  their 
containing  intermingled  masses  of  volcanic  rock  and  coral  or  madre-  I 
pore  limestone.  The  idea  that  volcanic  activity  was  dependent  upon 
combustion,  as  the  word  is  connnonly  used,  still  prevailed  with  him,  j 
and  from  the  fact  that  the  line  of  islands  corresponded  closely  with  ' 
the  strike  of  the  rocks  composing  them  he  thought  that  the  seat  of 
combustion  ])rohably  existt^l  in  some  stratified  substance  running  par-  " 
allel  to  the  general  stnititication  of  the  surrounding  rocks.  Further, 
since  he  found  on  th(»  islands  soufrieres  which  deposited  sulphur  as 
well  as  foruKHl  alum  rock,  \w  concluded  that  sulphur  was  one  of  the 
combust i})le  ingredients. 

Machines  second  ])aper  referred  to.  An  Essay  on  the  Formation  of 
Kocks,  or  an  Incpiirv  into  tin*  probable  Origin  of  their  Present  Forui 
and  Structure,  a])])eare(l  in  1888.  In  this  the  rocks  w-ere  divided 
„    .  ^  into  three  classes:    First.  The   Neptunian,   including 

Maclure  on  the  i-i.  ••  >ii 

Formation  of  Rock*.    thos(»  })lainly  of  acjueous  oHgm.     Second,  the  volcanic- 

and  third,  those  of  doubtful  origin,  under  which  head 
he  would  ])lace  gneiss,  mica,  and  clay  slate,  primitive  limestone,  sye 
nite,  granite,  gr(UMiston(\  etc. 

In  1882  the  melancholy  Conrad  begjin  the  publication  of  his  work 
,  ^    .       ,  on  the  fossil  shc^lls  of  tin*  T(M'tiarv  formations  of  North 

Conrad  9  Tertiary  of  .  ,       . 

North  America.  America.     This  marks,  according  to  Dr.  G.  D.'Harris, 

*'the  Ix^ginning  of  systematic  research  into  this  part 
of  our  continent's  historv.*' 

The  work  was  ])ublislic(l  in  |)ar(s  and  in  small  editions,  largely  at 
vi V  own  vxpot]s(\  the  niuuerous  pU\t^>>  oi  *\\\v\^tv>aA\ou«  l>eing  pre- 
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pure<U  even  to  the  drawing  on  stone,  by  himself.  Nos.  1  and  2  appeared 
in  1832,  and  Nos.  3  and  1  in  1833.  These  editions  earlv  became  ex- 
hausted,  and  in  18J>3  a  new  edition  was  prepared  throngh  the  instni- 
mentalitv  of  Doctor  Harris.  It  will  be  well  to  mention  here  that  a 
second  edition  of  his  Medial  Tertiary  fossils  was  brought  out  this 
>4inie  year  bj'  Dr.  W.  H.  Dall,  working  in  conjunction  with  the  Wag- 
ner Free  Institute  of  Philadelphia. 

The  work  of  1832-33  contained  little  of  a  strictly  geological  nature, 
being  mainly  devoted  to  a  description  of  the  various  fossil  inverte- 
brates belonging  to  the  Tertiary  formations.  Conitid  divided  the 
Tertiary,  in  conformity  with  the  English  custom,  into  an  Upper  Marine 
formation,  a  Middle  Tertiary  formation,  and  a  Lower  Tertiary  for 
mation,  and  gave  the  geographic  extensions  of  each  so  far  tis  they  are 
known. 

In  1830  the  legislature  of  Massachusetts  passed  a  resolve  authorize 

ing  the  appointment  of  a  surveyor  to  make  a  general  survey  of  the 

C Commonwealth,  and  on  the  tifth  of  June  following,  on  the  recommen« 

.  -  dation  of  (iovernor  Lincoln,  further  authorized  the 

HltchoBck**  Swv^y 

vfMMMckMMCts,      appointment  of  "some  suitable  person'"  to  make,  in 

connection  with  this  survey,  a  geological  examination 
of  the  region  involved.  On  February  2,  1831,  the  limits  of  the  geolog- 
ical 8ur\'ey  were  extended  so  as  to  allow  the  inclusion  in  the  report  of 
a  list  of  the  mineralogical,  lx)tanical,  and  zoological  productions. 

Prof.  Edward  Hitchcock,  then  professor  of  chemistry  and  natural 
history  in  Amherst  College,  was  selected  as  the  "'suitable  person,"'  and 
presented,  early  in  1832,  a  report  of  72  pages,  with  a  colored  geolog- 
ical map,  on  the  economic  geology  of  the  Stat(\  Of  this  (KM)  copies 
were  ordered  printed.  In  the  early  part  of  1S33  rei:x>rts  on  the  topo- 
graphic geology  (37  pages),  scientitic  geology  (430  pages),  and  the  cat- 
alogues of  animals  and  plants,  with  an  appendix  -containing  a  list  of 
the  rocks  and  minerals  described  (248  pages),  were  likewise  submitted. 

The  legislature  promptly  accepted  these  reports  likewise  and  ordered 
the  printing  of  1,200  copies,  including  a  reprint  of  the  report  first 
made.  Altogether  these  formed  an  octjivo  volume  of  t>92  pages,  with 
numerous  figures  in  the  text,  and  a  folio  volume  of  IJ)  plates,  includ- 
ing a  colored  map.  The  publication  of  this  report  marks  an  epoch  in 
American  geological  work,  since  it  brought  to  a  successful  conclusion 
the  first  survey  of  an  entire  State  at  public  expense."  It  is  true  that 
si)asmodic  beginnings  had  been  made  in  North  and  South  Carolina, 
hut  such  were  so  lacking  in  breadth  of  conception  and  failed  so  utt(u*ly 
in  execution  that  it  is  onlv  by  courtesv  that  thev  can  be  considered  its 
[i^thtgital  surveys  at  all.  Under  these  conditions  a  detailed  review  of 
the  contents  of  the  reports  will  not  l)e  out  of  place  here. 

"The  ti»tal  exi>eiiHe  to  the  State  of  the  thrtn*  years'  work,  exchinive  of  cost  (»f 
printing,  was  $2,030. 
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In  the  consideration  of  the  application  of  Beaumont's  theory  of 
mountainv^  to  those  of  Massachusett8,  Hitchcock  thought  to  find  six 
systems  of  strata  and  contemporaneous  uplift  in  the  State.  These  six 
systems  as  enumerated  are:  (I)  The  oldest  meridional  system,  (2)  the 
trap  system,  (3)  the  latest  meridional  system,  (4)  the  northeast  and 
southwest  system,  (5)  the  east  and  west  system,  and  (6)  the  northwest 
and  southeast  system. 

The  Hoosac  Mountains,  considered  under  his  oldest  meridional  svs- 
tem,  he  regarded  as  due  to  two  different  epochs  of  elevation,  the  last 
taking  place  after  the  deposition  of  the  new  red  sandstone,  as  was 
shown  by  the  slight  dip  (15^  to  20  )  of  the  latter,  while  the  slates  and 
gneisses  of  the  range  stand  nearly  vertical.  The  force  which  gave 
rise  to  mountain  uplift  he  regarded  as  gravity  acting  on  the  crust  as 
the  nucleus  gradually  shrunk  away  in  process  of  cooling. 

Not  the  least  interesting  chapters  in  Hitchcock's  work  are  those 
relating  to  the  unstratitied  rocks.  Here,  under  the  name  of  greenstone^ 
he  included  the  entire  series  of  basic  and  intermediate  eruptives  now 
classed  as  melaphyrs,  diabases,  and  diorites.  Their  mineral  composi- 
tion was  stated,  however,  as  hornblende  and  feldspar,  though  the  min- 
eral identified  as  hornblende  has  been  proven  b}'^  modern  microscopic 
methods  to  have  been,  almost  wholly  augite.  Columnar,  compact, 
amygdaloidal,  and  porphyriti(;  varieties  were  recognized. 

Concerning  the  igneous  origin  of  these  rocks  he  professed  little 
doubt,  and  he  accounted  for  their  appearance  in  the  form  of  contiiuious 
sheets  on  the  assumption  that  they  were  poured  out,  not  from  craters 
but  from  linear  openings  produced  by  the  shrinkage  of  the  earth's 
interior.  Thus  early  was  recognized  the  phenomena  of  fissure  erup- 
tions, as  later  developed  by  Geikie  and  others. 

Commenting  on  the  occurrence  of  the  greenstone  in  '*  veins,"  as  at 
Nahant,  he  expressed  the  opinion  that  the  slate  in  which  thcvse  veins 
occurred  could  not  have  been  solid  at  the  time  of  the  intrusion,  this 
on  account  of  the  size  of  the  fissures,  which  seemed  to  him  to  be  too 
wide  to  have  been  formed  by  devsiccation.  F^vidently  the  possibility 
of  the  formation  of  thes(»  fissures  by  dynamic  agencies  acting  on  con- 
solidated materials  was  not  then  realized. 

lender  the  name  of  jff>rphyry  he  included  the  compact  eruptive  rocks 
now  classed  mainly  as  aporhyolites  or  quartz  porphyries,  such  as  form 
the  cliffs  at  Marblehead,  and  are  also  found  in  other  localities,  as  Hing- 
ham  and  Maiden.  Their  porphyritic  structure  he  thought  could 
result  only  from  igneous  solution.  The  base  of  these  porphyries  he 
stated  to  be  of  compact  feldspar,  which  he  regarded  as  formed  by  the 
melting  down  of  preexisting  feldspatliic  rocks. 

The  slaty  structure  sometimes  shown,  and  which  is  now  recognized 
as  fiow  structure,  he  regarded  as  representing  the  original  structure 
of  the  slaty  rock  from  which  the  porphyry  was  derived  by  fusion. 
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This  view  is  interesting  when  compared  with  those  put  forward  nearly 
half  a  centurv  hiter  by  one  who,  working  under  the  misguided  T. 
Sterry  Hunt,  argued  in  favor  of  the  sedimentary  origin  of  the  entire 
series. 

Hitchcock  thought  it  probable  that  the  mica  slate  and  gneisses  of 
the  Hoosac  Range  passed  laterally  into  one  another,  owing  to  a 
decrease  in  the  amount  of  feldspar  in  the  gneissic  rock.  Such  a 
transition  seemed  to  him  as  possible,  whether  the  rocks  were  to  be 
regarded  as  direct  crystallizations  from  atjueous  solution  or  sedi- 
mentaries  crystallized  through  the  influence  of  heat.  He  himself 
was  inclined  to  the  belief  that  these  schists  and  gneisses  were  meta- 
morphosed sediments,  since  he  could  conceive  of  no  chemical  process 
by  which  such  a  variety  of  minerals  as  those  contained  by  them  could 
have  crvstallized  out  simultaneouslv  from  solution.     Such  a  crvstalli- 

»>  A'  •/ 

zation,  he  argued,  would  be  differential. 

He  utilized  this  same  argument  in  writing  on  the  origin  of  the 
granites.  These  latter  he  looked  upon  as  resulting  from  the  melting 
down  of  other  rocks,  gneisses  ])eing  due  to  the  more  or  less  complete 
fusion  and  crystallization  of  feldspathic  sandstone.  The  deeper  hing 
portions,  which  were  most  highly  heated,  gave  rise  to  gmnitic  gneiss, 
and  those  further  removed  gave  rise  to  the  porphyritic,  lamellar,  and 
schistic  varieties.  It  w411  be  of  interest  to  compare  these  views  with 
those  advanced  by  Clarence  King  nearly  forty  years  later. 

Hitchcock  classed  under  the  name  of  gmywacke  the  siliceous  con- 
glomerate of  Dorchester  and  Roxbury  (now  considered  as  of  Cambrian 
age),  and,  indeed,  every  conglomerate  sandstone  and  fragmentary  for- 
mation that  was  older  than  the  red  sandstone  and  coal  formation,  thus 
avowedly  following  Humboldt." 

Under  a  misapprehension  regarding  the  character  of  the  amygdules, 
he  included  under  the  name  of  vari^>lo!(l  vach'  the  raelaphyr  of 
Brighton  and  elsewhere,  as  well  as  other  altered  Paleozoic  lavas  found 
at  Hingham,  Needham,  and  Saugus;  also  the  siliceous  or  flinty  slates 
of  Nahant  and  jasper  of  Newport. 

The  red  sandstones  of  the  (Connecticut  Valley  were  rightly  set  down 
as  belonging  to  the  New  Red,  he  having  identified  the  upper  portions 
of  the  bed  with  the  New  Red  sandstone  of  P^urope  through  the  presence 
of  '*•  vertebral"  remains  found  at  East  Windsor,  Connecticut,  and  Sun- 
derland and  other  localities  in  Massachusetts.  He  still,  however, 
thought  it  not  impossible  that  the  lower  portion  of  the  beds  might  cor- 
respond to  the  Old  Red  sandstone  of  Europe.  It  will  be  remembered 
that  in  the  American  Journal  of  Science  for  1823  he  considered  these 
upper  beds  as  belonging  to  the  coal  formation,  on  account  of  the 
included  thin  seams  of  bituminous  coals. 


'v Humboldt's  Eaeay  on  the  Trend  of  Rocks  in  the  Two  HemisphereH  appeared  in 
1822. 
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The  Tertiary  formations  of  the  State  he  divided  into  two  general 
groups,  the  most  recent  l>eing  made  to  inchide  the  beds  of  blue  plastic 
clay  alternating  with  layers  of  white  siliceous  sand,  and  the  second 
division  the  plastic  clays  of  Gayhead  and  Nantucket. 

Naturally  the  drift  so  abundantly  distributed  over  the  surface  was 
attributed  to  the  action  of  the  Noachian  deluge.  *'  That  seen  about 
Cape  Ann  can  not  fail  to  impress  every  reasoning  mind  with  the  con- 
viction that  a  deluge  of  tremendous  power  nmst  have  swept  over  this 
cape4  Nothing  but  a  substratum  of  syenite  could  have  stood  before  its 
devastating  energy.'" 

One  of  the  points  which  must  impress  the  reader  who  is  at  all  con- 
versant with  the  work  of  modern  physiographers  is  the  inability  of 
Hitchcock,  as  well  as  his  contemporaries,  to  understand  the  relation- 
ship existing  between  a  river  and  the  channel  in  which  it  flowed.  Dis- 
cussing the  course  of  the  Connecticut  River,  he  wrote:  ''The  ordinary 
laws  of  physical  geography  seem  here  to  be  set  at  defiance,-'  and  ''  the 
geologist  will  be  surprised  to  find  it  crossing  the  greenstone  ridge"  at 
its  highest  part,  i.  e.,  through  the  gorge  between  Mounts  Holyoke 
and  Tom.  The  facts  that  ho  deduced  from  this  and  other  like  illustra- 
tions are  that  *' surely  the  Connecticut  River  did  not  excavate  its  own 
bed,  but  the  gorges  through  which  it  and  the  Deerfield  and  Westfield 
pass  were  excavated  to  a  considerable  depth  before  the}'^  began  to  flow.-' 

The  student  of  to-day  need  scarcely  be  reminded  that  the  river  did 
excavate  its  own  channel  and  ran  in  essentially  its  present  position 
before  the  warping  which  })rought  the  trap  ridge  across  its  course  took 
place. 

Hitchcock  was  not  a  believer  in  the  doctrine  of  uniformitariaiiism; 
indeed,  while  perhaps  not  an  extreme  catastrophist,  he  combated 
vigorously  the  views  put  fortli  by  Lvell  in  his  Principles,"  and  argued 
for  the  greater  intensity  of  geological  ugcMicies  in  the  earlier  periods 
of  the  earth's  history.  Some  of  his  reasons  for  this  belief  are  worthy 
of  attention.  He  beiievi^d  th(*  continent  to  have  been  elevat^^d  above 
the  ocean,  not  little  by  little,  but  by  a  few  paroxysmal  efforts  of  vol- 
canic force.  Since  this  force,  as  acting  during  the  past  four  thousand 
years,  seemed  too  feeble  to  result  in  the  elevation  of  a  single  mountain 
chain,  so,  he  argued,  it  inust  have  })een  more  energetic  in  previous 
epochs. 

The  fact  that  the  older  rocks  are  more  distorted  and  highly  meta- 
morphosed than  the  younger  was  also  regarded  as  indicative  of  the 
greater  intensity  of  the  earlier  })rodu<*tiye  agencies.  Singularly 
enough,  tlie  near-shore  origin  of  beds  of  conglomerate  was  not  real- 
ized, tlie  occasional  occurrence  of  such  among  sedimentary  rocks 
being  regarded  as  due  to  the    '"occasional    recurrence  of   powerful 

''The  fii>t  edition  of  this  celebrated  work  appeared  in  IS^SO. 
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delmclos  of  wiitor/"  the  like  of  which  can  not  ]>e  produced  by  any 
causes  now  in  operation. 

Concerning  the  origin  of  valleys  there  was  manifest^^d  a  great  dearth 
of  knowledge.  ''I  am  in  doubt  whether  there  is  more  than  one  valley 
in  Massachusetts  that  is,  strictly  speaking,  a  valley  of  denudation/' 
that  being  the  one  lying  between  Moiuit  Tob}^  and  Sugar  Loaf.  The 
valleys  in  Berkshire  and  WorcesU^r  and  possibly  also  that  of  the 
Merrimac  River  were  regarded  as  primary,  more  or  less  modified  by 
deluges  and  other  abrading  agencies. 

Accompanying  this  report  was  a  volume  of  nineteen  plates,  com- 
prising a  colored  geological  map  of  the  State;  nine  general  and 
special  views;  four  of  fossils;  a  map  of  the  vallej-  of  the  Connecticut: 
a  map  showing  the  direction  of  the  strata;  two  plates  of  sections, 
three  of  which  ran  in  an  east  and  west  direction  and  one  in  a  north 
and  south;  and  one  '* tabular  view''  of  the  rocks  and  their  imbedded 
minerals. 

On  the  map  the  rocks  were  colored  as  belonging  to  six  groups,  as 
below.  It  will  \}e  noted  that  there  is  no  attempt  at  other  than  a  litho- 
logical  classification  until  the  New  Red  sandstone  and  Tertiary  are 
reached. 

1.  Granite. 

2.  Svenite. 

3.  Greenstone. 

4.  Porphyry. 

5.  Gneiss. 

6.  Hornblende  slate  associated  with  gneiss. 

7.  Quartz  ro<^ks  associated  with  j^neiss. 

8.  Mica  slate. 

9.  Quartz  rock. 

10.  Talcoee  slate. 

11.  Chlorite  slate. 

12.  Hornblende  slate. 

(13.  Limestone. 
14.  Scapolite  rock. 

Steatitc\ 
SeriKMitine. 

il5.  Grauwacke. 
16.  Argillaceous  slate. 
17.  New  Ke<l  sandstone. 
118.  Tertiary. 
19.  Diluvium. 
20.  Alluvium. 

Deposits  and  mines  of  useful  minerals  were  noted,  among  them 
being  plumbago,  coal,  peat,  lead,  iron,  copper,  and  mangain^se. 

The  drawings  of  fossils  and  the  general  views  were  the  wx)rk  of 
Mrs.  Hitchcock. 

In  1837  Doctor  Hitchcock  was  commissioned  by  Governor  Everett 
to  make  a    further  geological   and    minenilogical   survey    in   which 


Miscellaneous 
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economic  probltMiis  sliould  l>e  of  priinarv  importance.  His  report 
appeared  in  the  form  of  House  Document  No.  52,  under  date  of  lS8s. 
In  lS8i>  the  legislature  autliorized  the  reprinting  of  all  the  reports, 
with  such  additions  and  corrections  as  the  author  chose  to  make.  This 
reprint  appeared  in  1S41  in  the  form  of  two  quarto  volumes  of  881 
pages,  the  iirst  12(1  of  which  are  given  up  to  a  discussion  of  the  soils, 
their  kind,  origin,  and  fertility. 

Hitchcock  here  followed  closely  Sir  H.  Davy,  Berzelius,  and  S.  L. 
Dana,  and  dwelt  particularly  upon  the  problematic  geine,  a  substance 
resulting  from  vegetable  decomposition  and  supposed  to  contain  all 
the  essentials  of  plant  food.  This  part  of  the  work  is  of  interest  as 
containing  C.  T.  Jackson's  expressed  and  well-founded  doubt  as  to  the 
existence  of  such  a  body,  and  a  long  letter  from  S.  L,  Dana  attempt- 
ing to  prove  the  chemical  unity  of  the  com])ound.  Some  twenty  pages 
were  devoted  to  fossil  fuels,  with  especial  reference  to  the  anthracite 
of  Worcester,  Massachusetts,  and  of  Rhode  Island,  and  the  bituminous 
coal  of  the  New  Red  sandstone.  A  list  of  jx^at  bogs,  with  reference 
to  their  possible  availability  for  fuel,  was  also  given.  Building  stones 
were  discussed,  and  two  pages  devoted  to  the  subject  of  rock  decay 
and  its  probable  cause.     Metallic  and  nonmetallic  ores  were  described. 

Many  of  the  views  expressed  in  the  early  reports  were  repeated  here 
with  but  slight  modification.  He  still  adhered. to  his  six  distinct 
systems  of  stnita  which  were  tilted  at  various  epochs.  The  oldest, 
called  the  meridional  system,  embraced  all  the  primary  rocks  lying 
between  the  valleys  of  the  Connecticut  and  Worcester.  The  second, 
or  northeast  and  southwest  system,  included  the  gneiss  mnge  in  the 
southeastern  part  of  Worcester  County,  the  central  part  of  Middle- 
sex, and  a  part  of  Esst^x.  The  third,  or  east  and  west  system, 
included  the  gneiss  around  New  Bedford,  the  graywacke,  and  a  large 
part  of  the  syenite,  porphyry,  and  greenstone  of  the  State.  The 
fourth,  or  Hoosac  Mountain  system,  embraced  all  the  rocks  between 
the  Connecticut  and  Hudson  rivers,  except  th(»  tnip  and  New  Red 
sandstone.  The  tifth  inchided  the  New  Red  sandstone,  and  the  sixth, 
or  northwest  and  southeast  system  of  rocks,  mainly  gneiss  occurring 
in  the  southern  i)art  of  the  State  bordering  upon  Rhode  Island.  In 
the  geological  map  which  accompanied  this  report  he  employed  but 
six  colors,  which  marked  oiF  the  rocks  of  the  State  into  six  distinct 
groups,  the  members  of  each  of  which,  with  the  exception  of  the 
fourth,  were  .so  nearly  reflated  that  h(*  thought  they  might  be  regarded 
as  belonging  to  the  same  formation.  In  his  tirst  group  he  placed  the 
granite,  syenite.  grcHMistone,  and  porphyry;  in  the  second,  gneiss  and 
the  associated  hornblende  slate  and  (juartz  rock;  in  the  third,  mica 
slate,  with  the  associat(Hl  (juartz  rock  and  hornblende  slate,  talcose 
slat(»,  and  chlorite  shite:  in  the  fourth,  limestone,  steatite,  and  serpen- 
tine; in  the  fifth,  metjuiiorphic  slates,  graywacke,  argillaceous  slate, 
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vini\  llu^asu^e^!t.  and  the  New  Red  sandstone,  and  in  the  sixth  tri'oup, 
K<x;eiie  Tertiary,  dihivium.  and  aUuviuin. 

Hit^'hcoek  de!Acril>ed  the  Connecticut  as  tlowing  through  a  s\'nclinal 
valley,  a  valley  which  became  nearly  filled  by  the  red  sandstone  deposit. 
This  hist,  he  thought,  had  since  been  (»roded  away,  so  that  the  valley 
Hs  it  now  exists  may  '*in  some  sense''  be  considered  "'as  a  valley  of 
denudation/^  Most  of  the  vallevs  in  Massachusetts  he  still  reifarded 
as  vallevs  due  *'to  the  elevation  and  dislocation  of  the  strata." 

He  noted  that  the  animal  remains  found  in  the  older  rocks  differed 
the  most  radically  from  the  existing  species,  and  also  that  the  organic 
remains  found  in  northern  portions  of  the  globe  corresponded  more 
nearly  to  existing  tropical  sjx^cies  than  did  those  now  living  in  the 
same  localities.  Further  than  this,  he  announced  that  different  species, 
genera,  and  families  of  animals  began  their  existence  at  v(My  different 
epochs  in  the  earth's  history,  and  that  the  same  species  rarely  extended 
over  from  one  formation  into  another.  Notwithstanding  this,  though 
giving  lists  of  fossils  found  in  rocks  of  various  horizons,  he  made  no 
attempt  to  determine  their  relative  ages  by  means  of  them  and  regarded 
correlation  by  such  "aids  as  impossible.  Following  Phillips  and  Lyell 
in  many  of  his  statements,  he  yet  announced  as  a  priiuiph*  that  ''  Rocks 
agreeing  in  their  fossil  contents  may  not  have  b(»en  contemporaneous 
in  their  deposition,"  although  they  might  not  differ  greatly  in  age. 
'•From  all  that  has  been  advanced/'  h(»  wrote,  '"it  appears  that  an 
identity  of  organic  remains  is  not  alone  sufficient  to  prove  a  complete 
chronological  identity  of  the  rocks  widely  separated  from  each  other; 
but  it  will  show  an  approximate  identity  as  to  the  period  of  their 
deposition,  and  in  regard  to  rocks  in  a  limited  district  it  will  show 
complete  identity."  Where  both  the  mineral  nature  and  the  character 
of  fossils  were  identical,  identity  or  synchronism  would  be  uuicli  more 
probable,  but  a  want  of  such  agreement,  so  far  as  it  relat(»d  to  mineral 
character,  was  not  regarded  as  fatal  to  the  idea  of  symhronism. 

He  argued  against  the  idea  that  the  stratified  primary  rocks  are 
merely  the  detrital  or  fossiliferous  rocks  altered  by  heat,  but  regarded 
them  rather  as  products  of  both  mechanical  and  chemical  action  by 
aqueous  and  igneous  agencies  when  the  tcMiiperature  of  the  crust  was 
very  high  and  before  organic  beings  could  live  upon  it. 

He  noted  that  the  dolomitic  rocks  seemed  genetically  related  to  the 
limestones,  but  his  ideas  as  to  the  methods  by  which  the  changes  had 
l)een  brought  about  were  naturally  somewhat  crude  when  consid(M-ed 
in  the  light  of  to-day.  From  a  study  of  the  field  nOations  of  the  dolo- 
mites of  Berkshire  County  and  other  localities  h(»  came  to  the  conclu- 
sion ^^  that  all  the  cases  of  dolomitization  in  Massachusetts  occur  either 
in  the  vicinity  of  a  fault,  or  of  unstratified  rocks,  or  in  the  midst  of 
gneiss,  where  the  evidences  of  the  powerful  action  of  heat  in  the 
induration  of  the  limestone  and  the  oblitenition  of  its  stratiticaliou  is 
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aM  great  as  results  fruni  the  presence  of  unstratifieii  rocks."  The 
actual  doloniitization  he  thought  to  have  been  "probably  prodaced by 
ga8eous  siibttmationN,  chiefly  of  carlwnate  of  ma^esia,  which  pene- 
trated the  rock  aft«r  it  had  been  softened  by  heat  so  as  to  be  perme- 
able." In  some  instances,  however,  he  thought  it  highly  probable  that 
magnesian  limestone  had  been  deposited  directly  from  thermal  waterH. 
In  seeking  an  explanation  of  the  fact  that  in  parsing  from  the  top 
of  Hoonac  Mountain  toward  the  Hudson  Kiver  one  continually  meete 
newer  and  newer  rocks  which  always  appear  to  pass  under  the  older— 
in  other  words,  that  there  i.-^  inversion  of  the  strata — he  came  to  the 
conclusion,  put  forward  with  some  hesitation,  "that  these  rocks  haye 
actually  been  thrown  over  into  an  inverted  position,  or  rather,  have 
been  so  contorted  by  a  force  acting  laterally  that  one  or  more  folded 
axes  have  been  produced." 
The  same  feature  had  been  mentioned  in  his  report  for  1835,  bnt 
then  appeared  "too  im- 
probable to  be  admitted." 
His  views  on  the  subject 
were  illustrated  by  a 
sketx^h.  itopied  in  tig.  23; 
the  portion  above  tbe 
heav}'  continuous  black 
line  being  conceived  to 
have  been  removed  by 
erosion.  Later  this  ob- 
sei'vation  was  claimed  to 
'  -&  jA-^iuhm'is  ^/^  /i.iit  .  ,  . — ,„i.j  !.£'—  *      l>e   the  first   recognition 

Fio  £  -Fuideii BK »     All  rF™iuh(.iKk  °^  ^^^  ^^^^  character  of 

overturned  folds.     This 

was,  however,  disputed  by  H.  D.  Rogers,  who  claimed  to  have  made  and 

published  similar  observations  during  tlie  progress  of  the  New  Jersey 

survey  in  183S-39. 

Below  is  the  paragmpli  upon  which  the  claim  of  Rogers  was  appar- 
ently bused.  Tlic  statement  is  made  in  the  course  of  a  description  of 
the  various  axes  of  elevation  that  iiave  given  rise  to  tbe  more  proQii- 
nent  physical  features  of  northern  New  Jersey. 

The  movemeiil  which  t'levHted  Jenny  Jnnip,  s^enis  to  have  been  everywhere  one 
of  ex(«8Miv«;  aiicidenne™  and  violence,  as  Ihe  strata  along  ita  anticlinal  axis  are  not 
only  frequently  much  liiskicatcd  and  broken.  Imt  those  lying  immediately  along  ill 
nortliwE»lem  bu.-«  are  in  several  places  thrown  into  an  inverted  posture,  dipping  uol 
t(i  (he  northwest,  hut  in  towanl  the  base  of  the  bill.'' 

earlier  put  forward  by  Von  Bucb  with  rel 


"This  is  probably  a  reflcetion  cif  vi 
■entT  to  the  ilolomitef  of  tbe  Tyn)l. 
^Geology  o(  New  Jersey,  IMO,  p.  ■ 
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The  idea  was,  however,  brought  out  much  more  clearly  in  a  com- 
munication made  by  him  before  the  Association  of  American  Greol- 
ogists  and  Naturalists  in  1841,  an  abstract  of  which  was  given  in  their 
Proceedings  and  in  the  American  Journal  of  Science  for  the  same 
year.  He  then  called  attention  to  the  "inverted  dip"  observable 
among  the  rocks  of  the  Coal  Measures  (of  Pennsylvania)  and  ascribed 
the  same  to  a  great  force  acting  laterally,  folding  and  crushing  the  axis 
so  as  to  produce  this  inverted  dip  by  tossing  the  strata  many  degrees 
beyond  the  perpendicular,  thus  producing  the  present  apparent  dip  of 
the  lower  stratifi^'d  or  sedimentary  rocks  beneath  the  primaiy. 

Id  view  of  the  observations  made  by  Eaton  in  1820,  Steel,  in  1825, 
and  W.  B.  Rogers,  in  Virginia,  in  1838,  as  noted  elsewhere,  the  sub- 
ject of  priority  between  the  two  first  named  is  scarcely  worth  discussing. 
Heavy  demands  have  from  a  very  early  time  been  made  upon  elec- 
tric currents  to  account  for  all  sorts  of  geological  phenomena,  from 
the  formation  of  ore  deposits  to  the  production  of  slaty  cleavage,  or 
even  the  uplifting  of  mountain  ranges.  It  is  not  strange,  therefore, 
that  Doctor  Hitchcock  should  have  felt  justified  in  making  slight 
draft  upon  it  to  help  him  over  some  of  his  minor  difficulties.  The 
peculiar  imitative  and  otherwise  interesting  forms  assumed  by  the 
ferruginous  concretions  found  in  the  Connecticut  Valley  demanded  an 
explanation.  **I  know  of  no  agent,"  he  wrote,  ''that  could  have 
accomplished  this  (i.  e.,  the  separation  of  the  iron  from  the  menstruum 
which  held  it  in  solution)  except  galvanic  electricity,"  and  again,  "I 
strongly  suspect  galvanism  to  have  been  a  chief  agent  in  concretions 
of  every  sort." 

In  the  report  of  1833,  and  again  in  those  of  1835  and  1841,  Hitch- 
cock called  attention  to  the  peculiarly  flattened  and  otherwise  distorted 
pebbles  in  the  conglomerate  at  what  is  locally  known  as  Purgatory, 
near  Newport,  Khode  Island.  His  description  is  important  in  view  of 
his  subsequent  writings  and  the  discussions  which  arose  in  connection 
therewith.  The  subject  may,  however,  well  go  over  until  his  later 
paper  of  1861  (see  p.  510). 

This  tinal  report,  coming  at  the  time  it  did,  naturally  attracted  much 
attention  and  favorable  coumient.  From  a  brief  preliminary  review  in 
the  American  Journal  of  Science  the  following  paragraph  is  selected: 

If  we  reflect  that  the  vast  mass  of  fai*tH  and  information  of  various  descriptionn, 
and  the  reasonings  and  inferences  contained  in  these  columns,  are  all  the  result  of 
ontiring,  nay,  almost  Herculean,  efforts  of  an  individual  mind,  continued  among  the 
haraasments  of  constant  professional  duty  during  a  period  of  ten  years,  we  are 
enooaraged  to  hope  that  we  may  yet  see  the  day  when  the  united  efforts  of  our  small 
army  of  working  geologists  now  laboring  in  the  common  cause  shall  reduce  the  whole 
of  oar  widespread  territory  to  an  intelligible  perfect  system. 

Although  our  sketches  have  thus  far  been  confined  largely  to 
Americans,  either  by  birth  or  adoption,  the  times  with  which  we  are 
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now  d«»alin<r  will  scarcely  i)erniit  us  to  overlook  the  explorations  of 
flean  N.  Nicollet  throuj^hout  the  Middle  West. 

Nicollet  was  born  in  France  in  1790  and  came  to 
Ni^uct^'  America  in  1832  from  purelj'  financial  c:>nsiderations, 

having  involved 'not  merely  his  own  fortune  but  those 
of  friends  in  unfortunate  speculations.  His  main  scientific  work 
up  to  this  date  had  l>een  of  an  astronomical  natm'e,  and  it  is  perhaps 

natural  that  his  attention  in  a  new  country  should  have 
Work  In  turned  toward  exploration  and  map  making. 

From  1S33  to  1838  he  was  engaged,  with  the  coop- 
eration of  the  War  Department,  though  without  financial  assistance, 
in  mapping  the  region  of  the  upper  Mississippi.  From  1838  to  1841 
he  was  in  the  employ  of  the  Government,  completing  the  surveys 
and  maps  thus  begun.  Other  work  of  like  nature  was  projected,  but 
before  plans  were  matured  his  health  gave  way  and  he  died  in  1843. 
His  geological  w^ork,  under  the  conditions  mentioned  above,  was 
therefore  of  comixiratively  slight  importance,  excepting  as  calling 
attention  to  regions  as  yet  but  little  explored. 

He  claimed  to  have  traced  the  Cliflf  limestone  of  Owen  over  a  vast 
extent  of  country  in  the  Mississippi  Valley,  and  connecting  his  own 
work  with  that  of  Owen,  Locke,  H.  King,  and  others,  felt  justified  in 
assigning  the  Falls  of  St.  Anthony  as  the  northern  limit  of  the  forma- 
tion. In  this  he  was  correct.  He  added  to  the  knowledge  of  the 
geolog}'  of  the  region  of  the  Sioux  and  Missouri  rivers  by  bringing 
in  important  C-rotacjeous  fossils,  both  vertebrate  and  invertebrate  in 
their  nature;  described  the  occurrence  of  the  Indian  pipestone  (Cat- 
Unite)  of  the  Coteau  des  Prairies  of  Minnesota,  and  correctlj^  described 
the  pseudovolcanoes  and  th(Mr  pumice-like  product  as  due  to  burning 
lignite  beds. 

The  second  American  edition  of  Bakewell's  Geology,  from  the 
fourth  London  edition,  was  printed,  as  was  the  first,  in  New  Haven 
and  under  Silliman's  supervision.     The  work  needs  notice  here,  as  it 

shows  Sillinuufs  jrraduallv  expanding  views  and  dis- 

Second  American  ,  "       ,         1*1,  #  ^ .   • 

Edition  of  Bakeweirs  position  to  sliakc  otf  the  shacklcs  of  tmdition,  though 

still  floundering  in  the  deep  waters  of  the  Noachian 
deluge.  Of  particular  interest  are  his  remarks  on  the  nature  of  geo- 
logical (nidence  and  its  consistency  with  sacred  history. 

Sillinian  took  the  ground  that  there  was  no  reason  to  believe  that 
any  part  of  the  crust  of  th(*  eai'tli  is  now  in  the  same  condition  as  first 
created,  every  i)ortion  having  been  worked  over  in  accordance  with 
physical  laws  which  are  as  imich  the  Creator's  work  as  are  the  mate- 
rials upon  which  thev  operate.  Tnlike  some  of  his  predecessors  and 
contemporaries,  he  did  not,  however,  at  this  time  feel  it  incumbent 
upon  him  to  close  his  eyes  to,  or  even  to  distort,  any  evidence  that 
niii^rht  present  itself  in  order  that  it  might  not  conflict  with  the  state- 


AMERICAN   GEOLOGY DECADE    OF    1830-18;ifl. 


317 


ment  of  sacred  history.     "Any  attempt  to  disprove  the  truth  or  gen- 
uinenef^  ol  the   Pentateuch,  and   Genesis   in   particular,  is   wliolly 
superfluouAy  and  quite  aside  from  any  question  that  can  in  this  a^e 
be  at  issue  between  geologists.''     '^No  geologist  at  the  present  day 
erects  any  system   upon   the   basis  of  the  scripture  history."'     But 
admitting  that  the  Mosaic  history  is  genuine  and  true,  he  felt  that 
one  might  with  historical  and  philosophical  propriety  compare  geology 
with  history  and  regard  historical  coincidence  with  observed  phe- 
nomena as  interesting,  "because  they  are  mutually  adjuvant  and  con- 
firmatory."   As  with   other  workers,   including  even   some   of   the 
present  time,  he  found  most  that  is  confirmatory  in  a  study  of  the 
drift  or  "diluvial,'"  which  was  naturally  ascribed  to  torrential  action, 
and  perhaps  concomitant  with  the  universal  deluge  recorded  in  Gen- 
esis.    After  a  somewhat  prolonged  discussion  of  the  meaning  of  the 
term  ^'days,"  as  used  in  Genesis,  he  gave  the  following: 

Table  of  cornddencen  between  the  order  of  event*  as  described  in  (iene.xi«  <ind  that  unfolded 

hij  geological  investigations. 


\ 

r 


In  (Tenesif). 


(ren.  I.  1,  2.  In  the  b^nnine 
God  created  the  heavens  and 
the  earth.  And  the  earth 
wae  without  form  and  voi<l; 
and  darkness  wa^  upon  the 
&ce  of  the  deep;  and  the 
Spirit  of  God  moved  upon 
the  face  of  the  waters. 

3, 4, 5.  Creation  of  light 
6,7,S.  Creation  of  the  expan- 
sion or  atmosphere. 
9,10.  Appearance  of   the  dry 
land. 


11, 12, 13.  Creation  of  shooting 
plants,  and  of  seed-bearing 
Wbsand  trees. 


I4  to  19.  Son,  moon,  and  stars 
made  to  be  for  signs  and  for 
seasons,  and  for  days,  and  for 
years. 


No. 


1 


.S 


Diwovered  by  peolo^y. 


It  is  imiKjssible  to  deny  that  the  watern  of  the 
Hea  have  formerly,  and  for  a  lonj^  time,  cov- 
ered tliose  masses  of  matter  which  now  con- 
stitute our  highest  mouutainn; 


and, 
further,  that  these  wat^^rs,  during?  a  lonjr  time, 
did  not  support  any  living  Ixjdies. — Cuvier's 
Theory  of  the  Earth,  sect.  7. 


1.  Cryptogamous  plants  in  the  coal  strata. — 

Many  observers. 

2.  Species  of  the  most  perfect  developed  class, 

the  Dicotyledonous,  already  appear  in  the 
period  of  the  secondary  formations,  and 
the  first  traces  of  them'  can  be  shown  in 
the  oldest  strata  of  the  secondarjr  forma- 
tion; while  they  uninterruptedly  increase 
in  the  successive  formations. — Prof,  Jame- 
son's remarks  on  the  Ancient  Flora  of  the 
Earth. 


318 


BEPOBT   OF   NATIONAL   MUSEUM,   1904. 


TbWe  o}  coincidences  between  the  order  of  events  as  described  in  Genesis  ami  that  unfolded 

by  geological  investigations — Continued. 


In  Genesis. 


20.  Creation  of  the  inhabitantH 
of  the  waters. 


Creation  of  flying  things. 


21.  The  creation  of  great  Te\y- 
tiles. 


No. 


6 


24,  25.  Creation  of  the  mam-  ■    7 
maiia. 


26,  27.  Creation  of  man 8 


Genesis,  VII.  The  flood  of  Noah, 
4,200  years  ago. 


9 


Discovered  by  geology. 


Shells  in  Alnine  and  Jura  limestone. — Hum- 
boldt's tables. 

Fish  in  Jura  limestone. — Humboldt's  tables. 

Teeth  and  scales  of  flsh  in  Tilgate  sandstone.— 
Mr.  Mantell. 


Bones  of  birds  in  Tilgate  sandstone.  —Mr.  Man- 
tell,  Geolo^cal  Transactions,  1826. 

Elytra «  of  winged  insects  in  calcareous  slate, 
at  Stonesfield. — Mr.  Mantell. 


It  will  be  impossible  not  to  acknowledge  as  a 
certain  tnitn  the  number,  the  largeness,  and 
the  variety  of  the  reptiles  which  inhabited 
the  seas  or  the  land  at  the  epoch  in  which  the 
strata  of  Jura  were  deposited. — Cuvier*s  Os- 
sem.  Fobs. 

There  was  a  period  when  the  earth  was  peopled 
by  oviparous  quadrupeds  of  the  most  appall- 
ing magnitude.  Reptiles  were  the  lords  of 
creation. — Mr.  Mantell. 


Bones  of  mammiferous  land  quadrupeds,  found 
only  when  we  come  up  to  the  formations 
al)ove  the  coarse  limestone,  which  is  above 
the  chalk.  *— Cuvier's  Theory,  sect.  20. 


No  human  remains  among  extraneous  fos- 
sils.— Cuvier's  Theory,  sect.  32. 

But  found  covered  with  mud  in  caves  of 
Bize. — Journal. 


The  (!nist  of  the  glol)e  has  been  subjected  to  a 
great  and  sudden  revolution,  which  t^n  not 
be  dateil  much  farther  back  than  five  or  six 
thousand  years  ago. — Cuvier's  Theorv,  32, 
33,  34,  :^5,  and  Buckland's  Reliq.  Diluv. 


a  Sheaths. 

&One  solitary  exception  is  since  discovered,  in  the  calcareous  slate  of  Stonesfield.  in  the  Ijones  of  a 
didelphis,  an  opossum,  a  tribe  whose  position  may  be  held  intermediate  l>etween  the  oviparous  and 
mammiferous  races. 

Perhaps  that  part  of  Professor  Silliman-s  work  which  showed  the 
keenest  insight  into  geological  problems  is  that  relating  to  the  subject 
of  crystallization  in  nx'ks.  The  proximate  causes  of  the  phenomenon 
were  recognized  as  heat  and  solution. 

There  is  no  doubt  that  fire  and  water  *  *  *  have  operated  in  all  ages  in  pro- 
ducing mineral  crystallization.  Of  these,  however,  fire  appears  to  have  been  by  far 
the  most  active,  *  *  *  and  there  is  every  reason  to  admit  that  even  granite  has 
been  melted  in  the  bowels  of  the  earth,  and  therefore  may  crystallize  from  a  state  of 
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/    ^neoiifl  funou.    If  this  be  trae  of  the  proper  crystals  of  granite  it  may  1^  Si\m  true 

I     of  the  imbedded  crystals  which   it  contains,  and  therefore  of  all  other  crystals. 

Those  which  contain  much  water  of  crystallization  may  present  a  serioun  difticulty, 

but  perhaps  pressure  may  have  retained  the  water,  and  as  the  parts  of  the  mineral 

concreted  in  cooling  the  molecules  of  water  may  have  taken  their  place  in  the  regular 

HoHd.     Still  we  can  see  no  reason  for  excluding  water  and  other  dissolving  agents, 

acting  with  intense  energy  under  vast  pressure  and  at  the  heat  of  even  high  ignition, 

fn>in  playing  a  very  important  part  in  crystallization.     (Pp.  433-434.) 

This,  it  will  be  observed,  is  essentially  the  aqueo-igneous  theory  of 
eruptive  rocks,  and  could  scarcely  be  improved  on  to-day.  In  this 
connection  it  is  well  to  remember  that  Edward  Hitchcock,  in  his 
Geology  of  Massachusetts,  1833  (see  p.  309),  inferred  the  igneous  origin 
of  granite  from  its  crystalline  structure,  ''since  substances  held  in 
solution  always  crystallize  in  succession,  while  in  granite  we  have  a 
solid  crystalline  mass  of  three  or  four  distinct  substances  which  evi- 
-    dently  crystallized  contemporaneously." 

The  tendency  to  generalize  on  insufficient  data  is  evidently  inherent 
in  the  human  race,  and  it  was  to  be  expected  that  it  should  early  make 
it«  appearance  in  so  promising  a  field  for  speculation  as  geology.  It 
BaiM's Notiofls  ^^^  therefore  not  suiprising  that  Eaton,  after  his 
^ggl^SuiiSiiM.  inany  years  of  study  in  the  eastern  United  States, 
•**••  should  have  ventured  opinions  concerning  the  little- 

known  West.     Basing  his  statements  on  observations  made  by  a  Mr. 
John  Ball,  at  one  time  a  student  of  his,  he  wrote  in  1834: 

The  geology  of  the  country  west  of  the  Rocky  Mountains  is  remarkably  simple  and 
uniform.  The  general  underlying  rock  is  the  red  sandstone,  which  some  P^uglish 
geologists  tall  Saliferous  rock,  and  which  characterizes  the  red  sandstone  group  of 
De  La  Beche.  It  is  the  same  which  contains  the  salt  springs  of  the  western  part  of 
the  State  of  New  York,  and  which  underlies  the  basaltic  rocks  (greenstone  trap)  of 
Connecticut  and  Hudson  rivers.  *  *  *  Wherefore  the  geology  of  the  east  and 
west  sides  of  the  Rocky  Mountains  is  remarkably  alike.  Mr.  Ball  says  the  Rocky 
Mountains  rises  up  from  the  midst,  as  it  were,  of  a  horizontal  sea  of  red  sandstone, 
IS  if  some  tremendous  force  had  driven  it  upward,  like  an  island  forced  up  from  the 
depths  of  the  ocean.  *  *  *  Mr.  Ball  considers  almost  the  whole  country  as  vol- 
canic ♦  ♦  *  near  the  west  side  of  the  Rocky  Mountains.  *  *  *  Mr.  Ball 
found  first  graywacke  and  sparry  lime  rock.  But  he  soon  entered  u])on  the  red 
nndstone  region,  which  continues  as  the  basis  rock  to  the  Pacific.  *  *  *  The 
country  is  often  very  mountainous  along  the  route  to  the  Pacific,  but  the  mountains 
are  red  sandstone,  grey  pudding  stone,  or  basalt.  Such  is  the  simplicity  ami  uni- 
foroiity  of  the  geology  of  the  vast  region  west  of  the  Rocky  Mountains  that  it  can  all 
be  told  in  one  sentence  of  six  lines. 

It  may  be  well  to  add  that  Mr.  Ball  himself  took  exception  to  some 
of  the  conclusions  drawn  by  Professor  Eaton,  and  later  published  in 
the  same  journal  his  own  views  on  the  subject.  These  may,  however, 
be  passed  over  here  without  comment. 
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The  two  most  iiiipurtunt  origiiml  contributions  of  ttie  year  1633  were 
Hitc-hrockV  Mas-sitchusetts,  iilreudy  nott'd,,  and  Isaac  Loa's  Contribu- 
tions to  Geology,  the  latter  dealing  with  the  Tertiary  of  Alabama, 
Maryland,  and  New  Jersey.    In  Lea'a  work  there  were 
uaiSS^^T*    brought  prominently  forward  for  the  tirst  time,  by  an 
Anierivan  writer,  the  .itriking  eliangeM  that  tiad  taken 
place  in  the  introdiu-tion  of  the  Tertiaiy  fauna  and  the  close  relation- 
ship existing  between  that  fauna  and  the  fauna  of  the  present  day. 
Otit  of  some  two  hundred  and  tifty  ttpecies 
of   invertebrates  found   by  Doctor  Lea  in 
the  bluffs  at  Claiborae,  Alabama,  two  hun- 
dred and  nineteen  were  not  referable  to  any 
known  apeciew,  i.  e.,  were  not  found  in  any 
of  the  Iwds  older  than  Tertiary  and  were 
new  to  science.     It  was  in  this  work  also 
tlijit  the  undoubted   presence   in  Ameri(» 
of  l*eds  i-efeT-ablo  to  the  Ek>cene  of  Lyell 
WHS  n-c-ognized,  although  the  cbaructer  of 
the  fossils  and  the  general  position  of  the 
beds   had   been   already  noted   by   Conrad 
(p.  *17).« 

1'he  last  named,  the  year  following,  marked 

out  the  distribution  of  the  Eoitene  in  Mary- 

ccurrencc  of  Pliocene  fossils  overlying  it  at  Vance's 

River.     The  Fort  Washington  beds,  formerly 


Fio.  23.— luac  Lea- 


land  and  noted  theo 
ferry  on  the  .Siinlei 

regarded  by  him  as  Kocene,  he  now  suggettted  to  be 
gwrtboi^  oi  the     more  wcent  than  Idea's  Clailwrne  beds,  and  perhaps 
contpm|K»raneous  with  the  Miocene  of  Europe. 
Ill  1834  there  was  organized  the  (Jeolt^ieal  Society  of  Pennsylvania. 
According  to  its  constitution: 

The  objects  of  Ihii  uoc-isly  art;  decliirod  lo  he  to  ast-ertaiii  w  far  as  poerible  the 
nature  and  rtnieture  nf  llierm't  fiiriiiatioiiB  of  Ihp  State;  their  connection  or  com- 

,    ,,      ^  ..    .  piirinni  with  tliB  other  f(M-[ nations  in  the  United  Slates  and  of  the 

On^nizatiDn  m  tbc    ' 

Quiosiui  Society  oi  Te»\,  ••t  thv  worlil;  the  foaaile  they  contain,  their  nature,  positions, 
P«iD>ylvBalB.  iS34.  ^^j^^j  ^m,^.iat,„„^^  and  i«rtictiiariy  the  iieee  to  which  tliey  can  be 
applied  in  the  arid,  :ind  their  milwerviency  (o  tlie  iimiforts  and  conveniences  of  man. 

This  society  continued  in  existence  but  four  years,  but  served  its 
apparent  purpose  in  bniigiiifr  about  the  estiiblishment.  in  1886,  of  the 
State  geological  survey  with   H.   I).   Rojrers  at  its  liejid.     A  single 

"ThiB  publication  of  Ix'a'^  le<)  to  a  iniiiumierstanding  with  (.'onrad,  or  rather  with 
Conrad's  friendB,  !>«y  and  Morton,  whi>  felt  that  Doctor  Leu  was  invading  Conrad's 
rifilits.  Doctor  I.«i,  iiowever,  workeil  only  on  material  he  had  received  from  Jndge 
Tait,  prior  to  ('onraiVH  entry  npon  the  field.  (See  Dall's  Determination  of  Dates  o( 
Pulilicafion  iif  C'onrad'n  Fossils  of  tlie  Tertiary  Fonnatione.  BulleliaQl  U>*  Philo- 
soj)hi(ail  So.'i('ty  of  Wa:^hin(tt<m,  XII.  IH'M.  pp.  1'1.V240.) 
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volume,  in  two  parts,  of  ** Transactions/'  nunU)ering  upward  of  4i>0 

pages^,  tells  the  story  of  its  brief  existence.     This  contains  pi^HM-s  by 

authors  now  for  the  most  part  little  known.     R.  0.  Taylor  wrote  on 

fucoids  and  the  coal  tields  of  Pennsylvania  and  Virginia,  his  |)a|)ei*s 

being  accompanied   by  numerous  sections;  ffamos   Dickson    luui  an 

Essay  on  the  Gold  Region  of  the  United  States,  all  comprised  within 

the  limits  of   10  pages;    Jacob  Green  had  a  paper  on  a  Sulphated 

Ferruginous  flarth,  and  a  Description  of  a  New  Trilobite  from  Nova 

Scotia.      Others  were   by  Richard    Harlan,  Gerard  Troost,  Thomas 

Clenisen,  and  H.  Koehler.     Few  of  the  writers  or  active  memlKM-s 

achieved  other  reputation  than  that  given  by  the  single  publication, 

though  Taylor  bei^ame  an  authority  on  coal,  while  Harlan  jind  Troost 

became  later  wideU'  known,  the  one  as  a  vertebrate  paleontologist  and 

the  other  as  a  geologist.     This  scx'iety,  it  is  well  to  note,  was  the 

second  geological  society  to  be  organized  in  America,  the  first  Iwing 

that  at  New  Haven  in  1819. 

A  brief  paper  by  William  Aiken,  professor  of  natural  philosophy 
and  chemistry  in  Mount  St.  Mary's  College,  Maryland,  published  in 
the  American  Journal  of  Science  at  this  time,  is  worthy  of  some  con- 
sideration  as   ))earin^   u])on    the    prevailing  theories 

WOHm    Aiken's  ..  ^    ,.*  ,   .       .  .  ,      T 

Ideas  oa  Mountaiii  regarding  mountain  uplift  and  incidental  i)i)enoinena. 

Professor  Aiken  wrote  on  the  geology  of  the  country 
lietween  Baltimore  and  the  Ohio  River,  and  gave  a  section  showing 
the  inclination  and  kinds  of  rocks. 

The  classification  conformed  with  that  prevailing  at  the  time,  the 
rocks  being  divided  into  (1)  a  primitive  series  in  the  immediate  vicinity 
of  I^altimore,  (2)  the  transition  slates,  sandstones,  and  conglomerates 
of  the  adjacent  county,  and  (8)  the  lower  secondary  rocks  of  th(»  West. 

Noting  the  reversal  of  the  dip  existing  between  Hancock  and  Cum- 
berland, he  wrote:  *'  Beneath  this  space,  then,  we  are  authorized,  in 
concluding,  the  eruptive  power  that  was  instrumental  in  upheaving  the 
Appalachian  chain  was  most  energetically  exerted.  This  may  l)e  con- 
siden^d  the  true  anticlinal  region.''  He  regarded  the  agent  so  ctticitMit 
in  throwing  up  mountain  chains  as  igneous,  '"an  opinion  that  gains 
confirmation,  if  any  is  needed,  from  the  occurrence  of  thermal  waters 
along  the  center  line  of  the  Allegheny  region.''  It  is  apparent  from 
this  that  he  agreed  with  Daubeny  and  other  European  geologists  us  to 
the  voli*anic  origin  of  these  springs.  Roger's  paper,  ascribing  them  to 
the  other  causes,  did  not  appear  until  eight  years  later  (see  page  H72.) 

In  accoixlance  with  a  resolution  passed  by  the  general  assembly  of 

Maryland,  February  25, 1884,  J.  T.  Ducati^l.  geologist, 
Akxaader*8Snrvey   and  J.  H.  Ah»xander,  a  civil  engineer,  were  a])point<Hl 

ofMM7tefid,1834.      ^  ,  II  r  f  A  \l^    4 

to  make  a  geological  survey  and  ii(»w  map  of  the  r>tat<». 
This  survej^  cx)ntinued  in  existence  until  lS40,  during  which  time 
three  annual  reports,  one  on  the  outlines  and  physical  geography  of 
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Maryland,  one  on  the  new  map  of  Maryland,  and  one  on  the  Frostbur 
coal  formation,  were  issued,  the  latter,  however,  not  being  an  officii 
publication. 

The  geological  reports  were  given  up  largely  to  a  discussion  < 
economic  matters,  such  as  the  character  of  the  soil  and  the  occurrew 
of  coal  and  ores  of  the  metals.  In  the  report  for  1833  the  occurren< 
of  fossiliferous  deposits  in  Prince  George  County;  at  Maryland  Poin 
in  Charles  County;  and  on  St.  Mar^^'s  River,  in  St.  Mary'^s  County;  ak 
at  Fort  Washington  on  the  Potoujac,  were  noted,  but  none  of  the  fo 
sils  were  identified  nor  any  suggestion  made  as  to  their  probab 
geological  age,  although  that  portion  of  Maryland  was  later  referr« 
to  as  being  occupied  by  Tertiary  rocks.  The  rocks  comprising  tl 
upper  part  of  Cecil  County,  the  greater  portion  of  Baltimore  and  Ha 
ford  counties,  the  upper  districts  of  Anne  Arundel  County,  and  tl 
whole  of  Montgomery  County,  were  thought  to  be  generally  meti 
liferous  and  were  grouped  as  primary  or  primitive.  The  serpentinoi 
rocks  were  looked  upon  as  of  importance,  as  likely  to  furnish  the  bai 
for  the  manufacture  of  epsom  salts,  a  not  uncommon  opinion  at  th 
time.  On  the  map  prepared  imder  the  direction  of  Mr.  Alexander  tl 
lithological  nature  of  the  underlying  rocks  and  the  character  of  tl 
soil  were  indicated  by  names,  no  attempt  being  made  at  coloring. 

In  1835  Ducatel  visited  the  Eastern  Shore  of  Maryland  and  in  1 
report  for  that  year  gave  a  very  full  account  of  the  geography  ai 
agricultural  condition  of  Dorchester,  Somerset,  and  Worcester  countit 
He  announced  the  presence  there  of  considerable  de])Osits  of  greensai 
marl,  which  he  believed  would  be  of  great  value  to  the  agriculturi? 
In  I83t)  he  completcnl  the  geological  survey  of  Calvert  County  ai 
made  extensive  examinations  in  Anne  Arundel,  Prince  George,  Charh 
and  St.  Mary's  counties,  where  he  found  further  deposits  of  marl, 
this  same  year  he  examined  the  coal  and  iron  deposits  of  Allegai 
County  and  published  a  geological  account  and  section  of  the  beds. 

In  his  report  for  1838  he  gave  a  genenil  account  of  the  minenil  i 
sources  of  Harford  County  and  outlines  of  the  geology  of  Harford  a: 
Baltimore  counties,  with  a  vShort  treatise  on  the  subject  of  lime  burn  in 

This  survey  was  regarded  by  Ducatel  as  being  the  first  attempt 
connect  a  topographic  and  geological  survey. 

Ducatel  was  born  in  Baltimore,  where  his  father,  a  Frenchma 
conducted  for  many  years  a  prominent  pharmaceutical  establishmei 
He  received  his  early  training  at  St.  Mary's  College  in  Baltimoi 

subsequently  studying  in  Paris.  In  1S24  he  return 
Sketch  of  Ducatel.      to  America,  and  shortly  after  entered  upon  a  ve 

successful  career  as  a  teacher  of  the  sciences — chei 
istry,  philosophy,  mineralogy,  and  geology — serving  in  the  Mechani* 
Institute  and  the  Tniversitv  of  Marvland  in  Baltimore,  and  St.  Johi 
College  in  Annapolis. 
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Id  order  that  he  uii^t  tlevote  himwelf  m()rp  fully  to  t!ie  work  o(  the 

ffliney,  he  severed  hia  c^onnection  with  the  institutioim  of  h-iii-ning 

about  18;-W.     The  move,  however,  proved  an  unfortunate  one,  us  the 

survey  wa^  shortlived  and  he  was  thi-own 

hwk  upon  his  own  resources. 
In  184t>  he  visited,  in  the  (Opacity  of  a 

jreologieal  exjwrt.  the  Lake  Superior  mining 

regions.     Throiigh  exposure  while  there  he 

coDtracted  a  severe  illness,  which  left  him 

in  an  enfeebled  condition  from   which   he 

never  fully  recovered.     He  died  from  eon- 

gestion  of  the  lungs  in  1S4S*. 
Ducatel  is  represented  to  us  as  a  man  of 

pnerous  traits  and  of  winning  eharat-ter, 

irdent  and  enterpri,sing.     Physically  he  was 

short  in  stature,  with  square  shoulders,  hliick 

eyes,  dark  i-omplexion,  and   face  stmngly     Fir.. ;;j,^jiiiiusTiiuoiLi>iiUii,KtLi. 

pitted  bv "smallpox.     He  bent  forward  and 

wglked  with  a  nen-ous,  enet^etic  step,  which  Iwtokcned  the  cciiseless 

Mtivity  of  one  acc^ustomed  to  work  and  think  for  himself. 
Few  publications  bear  his  name,  though  as  a  writer  for  the  jcmriials 

of  the  day  he  is  said  to  have  been  quite  prolific.     His  principal  work 

tin  a  Manual  of  Toxicology,  which,  it  is  stated,  was  well  received. 
Ill  .Tnly,  liS34,  (i.  W.  Featherstunhaugh,  who  was  iiitrmhiccd  to  the 

reader  on  page  3ol,  was  authorized  by  Lieut.  tVil.  .1.  .1.  AhiTt,  iicting 

under  instructions  of  the  War  Dttpartinent,  to  make  a  geoh)gie!il  and 
minei"al<^ical  survey  of  the  '"elevated  rouritry  lying 

sSS'iiiSr^'' "  b*^tween  the  MiMsouri  River  and  Red  River,  known 
under  the  designation  of  the  Ozark  Moniitjiins.""  The 
snney  was  duly  made  and  a  report  rendered  l>eai'ing  the  date  of  Feh- 
niary  17,  183.5.  This  comprised  altogether  !*7  pages,  the  first  42  of 
which  were  given  up  mainly  to  a  discussion  of  general  principles  n()t 
germane  to  the  repoH  at  all,  but  which,  as  indicating  the  condition  of 
mind  of  the  writer,  are  worthy  of  consideration.  He  regaided  the 
continents  and  islands  as  having  originated  through  an  expansive  snb- 
terranean  force,  and  believed  the  mineral  veins  to  have  been  tilled 
from  below,  rather  than  from  abo\e,  as  taught  by  Werner. 

Gnmite  was  regarded  as  an  igneous  rock,  and  designated  as  "ignige- 
iinus."  (jneiss  he  recognized  as  often  passing  into  granite,  while  some 
of  the  primary  limestones  he  thought  to  have  possibly  "come  fiom 
central  parts  of  the  earth,  in  a  state  of  aqueous  solution,  and  to  have 
Mil>H«^quently  received  their  high  crystalline  character  from  being  in 
rontact  with  ignigenous  rocks  in  an  incandescent  state."    To  the  com- 
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monly  received  opinion,  that  all  coal  resulted  from  vegetable  matter, 
he  took  exception,  and  thought  that  some  hed^s  ^'may  have  been  the 
result  of  outpourings  of  bituminous  matter."  The  wide  geographical 
distribution  of  (Carboniferous  rocks  west  of  the  Appalachians  and  in  the 
Mississippi  Valley  was  noted,  and  a  section  given  comprising  1,52<) 
vertical  feet  of  these  rocks  and  overlying  shale  and  millstone  grit,  at 
Burkesville,  Kentuck}-. 

Passing  to  the  specific  part  of  the  work,  Featherstonhaugh  discassinl 
the   occurrence  of   the   lead   ore    (galena),  its   distribution  in  lo<)?<e 
pieces  in  the  soil,  and  its  relation  to  the  vein  material  in  the  solid 
roi'k,  but  the  fact  that  this  sui)erticial  layer  was  but  the  detritus  from 
the  decomposition  of  the  underlying  rock  does  not  seem  to  have  been 
realized  more  than  by  his  predecessors.     He  remarked,  however,  that 
the  disseminated  granules  in  the  limestone,  as  at  Isle  La  Motte.  fur- 
nished to  the  eye  "sufficient  proof  that  the  stony  and  metallic  matter 
were  deposited  at  the  same  time,"  an  idea  not  altogether  different  from 
that  held  to-dav.     Further  on  he  noted  the  occurrence  of  the  ore  in 
pocket^s  or  cavities  filled  with  red  clay  as  pointing  "to  a  projection  oi 
this  metiiUic  or  mineral  matter  from  below." 

He  described  the  hematite  deposit  of  Pilot  Knob,  Missouri,  and 
correctly  noted  the  improbability  of  finding  precious  metals  in  Arkan 
sas  in  paying  quantities.  Magnet  Cove  he  regarded  as  having  beer 
perhaps  "one  of  those  extremely  ancient  craters  that  niny  have  pre 
ceded  those  of  which  basalt  and  lava  are  th(^  products." 

Althout^h  Featherstonhaugh's  standing  with  his  fellow-geologist* 
does  not  seem  to  have  been  the  V)est,  some  of  his  recorded  observation: 
certainly  show  a  more  philosophical  mind  and  greater  ability  to  gras) 
the  broader  problems  of  geology  than  do  those  of  man}^  of  his  contcm 
porari(*s.  Thus,  discussing  the  nuiddy  character  of  the  Mississippi 
he  suggested  that  experiments  might  be  conducted  to  show  theamoun 
of  sedinuMit  annually  ])rought  down,  whereby  we  might  api)roximatel; 
assign  a  chronological  period  for  the  origin  of  the  river,  the  com 
mencemcnt  of  the  alluvial  deposits,  and  the  withdrawal  of  the  oc<^an 
This,  so  far  as  the  present  writ(M'  is  aware,  is  the  first  suggestion  o 
its  kind  to  b(»  made. 

Connnentinii"  on  the  fact  announced  !)v  iiini  in  182S  and  since  con 
firmed,  that,  with  the  exception  of  the  TcMtiary  and  sub  Cretaceou 
b(»ds  of  the  coast,  no  rorks  more  nx'cnt  than  the  coal-bearing  seric 
had  been  found  in  tlie  Tnited  States,  he  suggested  that  the  America) 
continent  might  in  reality  b(>  older  than  tiie  European.  This  also  i 
the  first  suggestion  of  its  kind  to  i)e  found  in  our  literature. 

TIh^  repoi't  was  accompanied  by  a  colore<l  g(M)l()gical  section  extenri 
\i\vr  from  the  Atlantic  at  New  Jersey  to  the  Red  River  in  Texas.  () 
this  all  New  Jers(»y  and  l)(^laware  as  far  as  (Micsai)cake  Hay  were  col 
ored  aa  occupied  by  superficial  sand  and  sub-Cretaceous  beds;  Mar^ 
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land  to  the  west  of  the  Potomai^  mainly  by  primary  ^mnitos,  gnoisjs, 
and  slate,  with  a  narrow  hand  of  transition  linKsstone;  Virginia  l»y 
transition  limestone  overlaid   in  part  by  graywacke;  Tennessee  hy 
graywacke  overlaid  at  the  Cumberland  Mountains  by  Carboniferous 
limestone;  Kentucky,  Indiana,  and  Illinois  by  Carboniferous  limestone; 
Missouri  and  Arkansas  by  Carboniferous  limestone  capped  by  calcareo- 
siliceous  hills,  and  Arkansas,  from  a  point  about  midway  between 
the  Fourche  and  Arkansas  rivers,  by  graywacke  capped  by  Old  Red 
sandstone  and  occasional  Tertiary  deposits,  with  sub-Cretaceous  beds 
beginning  again  at  the  Caddo  River  and  extending  nearly  to  the  Red 
River  in  Texas,  where  they  were  covered  by  a  ferruginous  sandstone. 
It  was  a  reprint  of  this  section  in  the  Tninsactions  of  the  Geological 
Society  of  Pennsylvania  that  Lesley  referred  to  in  his  Historical  Sketch 
of  (reological  Explorations  as  *'a  rambling  description  and  a  worth- 
less geological  section  across  the  continent  from  New  York  to  Texas.'' 
In  1835  Featherstonhaugh,  again  under  instructions  from  Lieutenant- 
Colonel  Abert,  made  a  geological  reconnaissance  of  the  region  lying 
between  the  seat  of  government  and  the  Coteau  des  Prairies,  by  way  of 
Green  Itey  and  the  Wisconsin  Territory.     His  report,  issued  in  1836, 
formed  Senate  Document  No.  333,  comprising  1(18  pages,  with  4  plates 
of  sections  and  diagrams.     In  this,  as  in  his  first,  there  is  a  large 
amount  of  preliminary  matter  of  a  very  general  nature.     He  noted 
that  Washington  and  (Jeorgetown  were  underlaid  by  gneiss,  in  which 
were  perceived  evidences  of  an  "'extensive  anticlinal  movement   by 
which  all  the  rocks  along  the  entire  length  of  the  Potomac,"  as  high 
upas  the  great  bituminous  tield,  had  been  aflVcted,  and  that  the  true 
dip  of  the  rocks  was  often  "contradicted  by  the  cleavage."    This  was 
a  by  no  means  unimportant  observation.     The  erosive  action  of  the 
river,  as  manifested  b}'  potholes  in  the  schists  at  Great  Falls,  was 
dwelt  upon  and  the  Seneca  sandstone  and  Potomac  breccia  described, 
the  former  noted  as  often  carrying  anthracite^  and  cjists  of  calamites, 
hut  no  suggestion  as  to  the  geological  age  of  the  beds  was  given.     The 
Cato<'tin  Mountains  were  described  as  "composed  of  primary  slates, 
sandstones,  and  quartz  having  a  northeast  direction."     lieferring  to 
the  relationship  existing  between  the  Potomac  breccia  and  the  lime- 
stones, slates,  and  shales,  he  wrote: 

We  thus  have  all  the  proofs  that  the  Atlantic  primary  chain  has  come  uj>  from 
Mow  through  the  limc»stone,  trituratinj?  and  breaking  it  up  into  fragments  of  every 
size,  which  were  subsequently  tran><porte<l  to  the  east  of  the  chain  })y  a  current  from 
the  west,  and  deposited  there,  intermixed  with  tlie  decomposed  red  shale. 

He  concluded,  therefore,  that  the  Atlantic  primary  chain  was  ele- 
vated posterior  to  the  deposition  of  the  limestone,  'Svhich  may  be 
considered  the  equivalent  of  the  lowest  beds  of  Mr.  Murchison's 
Silurian  rocks."  The  unsvmmetrical  character  of  the  folded  sand- 
stones  and  grits  at  Wills  Creek,  in  Maryland,  he  described  as  aifording 
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evidence  "that  all  the  beda  had  been  bent  up  by  some  action  from 
F>elow,  and  that  from  some  inequalit}'  in  the  action  or  from  some 
external  cause  the  bed  on  which  they  lay,  together  with  its  associated 
strata,  had  collapsed  toward  the  center  in  such  a  manner  that  they 
would  appear  to  have  been  thrown  up  into  a  vertical  position,  if  the 
uncurvated  part  had  been  concealed." 

In  remarking  on  the  constancy  of  the  phenomena  co.nnected  with  the 
anticlinal  arrangement  of  the  whole  series  of  Allegheny  ridges,  he 
ascribed  their  origin  to  an  elevatory  undulating  movement,  whereby 
*'some  parts  of  the  strata  were  forced  up  into  the  anticlinal  form,  in  a 
constant  magnetic  direction,"  the  intervening  distance  between  each 
axis  or  ridge  being  at  the  same  time  probably  thrown  down  in  a 
ruinous  state.  As  the  land  arose  and  the  waters  retired  the  ruins 
would  gradually  be  borne  away,  leaving  the  valleys  as  we  now  tin(! 
them. 

The  extensive  bituminous  coal  beds  of  Marvland  and  Pennsvlvanii 
were  de^scribed,  the  coal  itself  considered  as  due  to  plant  growth  ii 
situ,  and  not  to  drift. 

The  presence  of  Carboniferous  limestone  about  8  miles  from  Nava 
rino,  Wisconsin,  was  noted  and  also,  but  erroneously,  at  the  Falls  o 
St.  Anthony,  in  Minnesota.  The  lead-bearing  beds  of  Dubuque 
Iowa,  were  also  judged,  by  their  fossils,  to  be  Carboniferous.  In  thib 
also,  he  was  in  error. 

In  1835  there  was  organized  under  the  authority  of  the  legislatur 
of  New  Jersey  a  State  geological  survey,  of  which  Prof.  H.  D.  Roger 
was  made  chief.     The  survey  continued  until  1839,  the  final  report, 

volume  of  some  300  pages  and  a  colored  geologies 
N^SfjcAfy.Tsas!*     initp,  bearing  the  date  1840,  the  tirst  annual  repoi 

being  issued  in  1836.  In  this  tinal  report  Roger 
argued  that  nearly  the  whole  surface  of  the  region  occupied  b}"  th 
counties  of  Middlesex,  Monmouth,  Burlington,  Gloucester,  Salem,  an 
Cape  May  was  at  some  former  period  upon  a  level  with  the  top  of 'th 
surrounding  hills,  as  shown  by  the  finding  of  sandstone  strata  always  u 
about  the  same  elevation  and  in  the  horizontal  position  in  which  i 
was  deposited.  These  hills  he  regarded  as  hills  of  denudation,  that  i 
to  say,  as  formed  by  the  washing  away  or  laying  naked  of  the  strat 
which  formed  the  surface  of  the  region  about  them;  but,  looking  a 
the  matter,  as  he  did,  through  the  eyes  of  a  catastrophist,  he  wa 
unable  to  say  ''from  what  quarter  the  mighty  rush  of  waters  pre 
ceeded  which  swept  olf  so  extensive  a  part  of  the  upper  rocks." 

In  view  of  the  great  difference  of  opinion  which  has  existed  and  sti 
exists  in  the  minds  of  geologists  regarding  the  age  of  the  white  linrc 
stone  near  Franklin  Furnace,  New  Jersey,  it  is  not  without  inter-ee 
to  note  that  Rogers  himself  regarded  it  as  having  been  originally  th 
blue  limestone  of  the  district  invaded  at  some  period  by  mineral  veiL 
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in  a  highly  heated  or  molten  state,  whereby  was  eifei*ted  a  sei  ios  of 
chaDgf?s  similar  to  those  known  to  l>e  caused  by  injections  of  trap  into 
similar  strata. 

In  his  iinal  report  Rogers  divided  the  rock  formations  of  the  northern 
division  of  the  State  into,  first,  a  group  of  primary  rocks  confined  to  the 
islands  and  the  vicinity  of  Trenton:  second,  a  group  of  older  secondary 
strata  confined  to  the  northwestern  portions  of  Sussex  and  Warren 
counties*  and  third,  a  group  of  middle  sei*ondary  stnita  lying  in  the 
brwd  Ijelt  of  country  between  the  southeastern  foot  of  the  Highlands 
and  the  boundary  connecting  Trenton  and  New  Brunswick.  With 
to  third  group  he  also  connected  the  trap  rocks  of  the  region. 

The  occurrence  of  graphite  in  the  altered  rocks  near  Sparta,  remote 
from  igneous  dikes,  and  its  nonoccurrence  in  more  than  very  trivial 
qaantities  adjacent  to  the  dikes,  he  looked  upon  as  strongly  implying 
that  it  had  been  derived '*  from  the  elements  of  the  blue  limestone 
iteelf,  which  may  easily  be  proved  to  contain  an  adequate  quantity  of 
iron  and  carbon  for  the  production  of  this  mineral.'' 

The  great  thickness  throughout  which  this  lime>stone  had  undergone 
crystallization,  apparently  from  the  heiiting  agency  of  the  dikes  which 
traversed  it,  and  the  law  which  he  traced  in  the  dt»volopment  of  some 
of  the  minerals,  afl'orded,  as  he  felt,  unquestionably  strong  support  to 
the  theory  that  gneiss  and  other  primar}"  strata  had  once  Ihhmi  sedi- 
mentary rocks,  converted  by  an  intense  and  widespread  igneous  action 
into  a  universally  crystalline  state. 

The  presence  of  carbonate  of  copper  diffused  throughout  the  fissures 
of  the  shales  indicated  to  his  mirid  that  a  considenible  i)ortion  of  the 
metalliferous  material,  particularly  the  carbonate,  had  entennl  the* 
stnita  in  a  gaseous  or  volatile  condition  and  not  in  that  of  igneous 
fusion.  The  iron  and  zinc  deposits,  on  the  other  hand,  wen*  ''un- 
equivocally genuine  lodes  or  veins"  filled  with  **  matter  injected  while 
in  a  fused  or  molten  state"  and  not  l)eds  formed  contempomnt^ously 
with  the  surrounding  rock. 

It  may  be  recalled  that  in  1820  Professor  Bakewell  visited  the  Falls 
of  Niagara,  and  on  his  return  to  England  published  in  the  London 
Magazine  a  short  memoir,  in  which  he  endeavored  to  show  that  th(> 

falls  were  once  at  Qut^enstown.  In  the  autumn  of  LS4<) 
tjieOofgsat  he  again  visited   the   falls  and   made  the  additional 

ol>servation  that  the  river  at  one  time  probably  flow(»d 
through  the  ancient  gravel-filled  valley  extending  from  the  Whirlpool 
U)  St.  Davids.  In  this  subsequent  research  has  shown  he  was  emi- 
nently correct.  Nevertheless,  his  observations  at  the  time  wore  not 
wholly  accepted. 

In  1834  a  Mr.  Fairholme,  writing  in  the  London  and  Edinburgh 
Philosophical  Magazine,  accepted  Bakewelfs  views  2U>  expressed  in 
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1820  and  put  forward  certain  of  his  own  relatin^^  to  the  rato  of  hack- 
cutting  of  the  falls.     To  these  views  H.  D.  Rogers,  in  the  Ainericiin 
Journal  of  Science  for  1835,  took  serious  exception.     He  believed  that 
the  channel  below  the  falls  had  been  formed  in  part  as  a  diluvial  val- 
le}'  and  by  some  far-sweeping  currents  which  denuded  the  entire  sur- 
fac^e  of  North  America  and  strewed  its  plains  and  mountjiins  with 
bowldei"s,  gravel,  and  soil  from  the  north.     ''The  passage  of  such  sx 
body  of  \^ater  over  the  surface  would  deeph^  indent  all  the  exposed 
portions  of  the  land.     Hushing  in  a  descent  from  Lake  Erie  to  IjBk^^ 
Ontario,  from  a  higher  to  a  lower  plain,  and  across  a  slope  like  that  a. 't 
Queenstown,  it  would  inevitably  leave  a  long  ravine."     Commentin 
on  this,  Silliman  remarked  in  the  same  journal  that  an  earthquak 
might  possibly  be  instrumental  in  producing  at  once  such  a  crack  i 
the  strata  as  would  drain  the  lakes  in  a  few  days  or  hours,  and  to  sue- 
an  agency  might  be  ascribed  the  channel  in  question.     (See  llair^ 
paper,  p.  384.) 

Rogers  was  born  in  Philadelphia  in  1808,  being  one  of  four  brothers 
James  B.,  William  B.,  Henry  I).,  and  Robert  Empie — all  of  whom  ros^ 
to  distinction  as  geologists  or  chemists.     When  not  quite  twenty-tw 

years  of  age  he  l)eciime  professor  of  chemistry  aiui 
Rogwi.***"*^'         natural  philosophy  in  Dickinson  College,  resigning  im 

1831  for  the  purpose  of  going  to  Europe  to  complete- 
his  studies.  He  returned  to  Philadelphia  in  1833,  and  in  the  ensuing- 
winter  delivered  courses  of  lectures  on  chemistrv  in  the  hall  of  Franklin 
Institute. 

In  1835  he  was  elected  professor  of  geology  and  mineralogy  in  the 
University  of  Pennsylvania,  and  was  also  appointed  by  the  legislature 
in  the  same  year  to  make  a  geological  survey  of  the  State  of  New 
tiersey,  as  already  mentioned.  In  IH'M  he  was  made  State  geologist 
of  Pennsylvania,  and  it  is  upon  the  work  done  in  this  connection  that 
his  fame  as  a  geologist  chiefly  rests. 

In  1857  he  was  made  regius  professor  of  natural  history  in  the  Uni- 
versity of  (TJasgow.  being  the  first  American  to  thus  receive  a  foreign 
appointment.  As  was  the  case  with  his  brother,  W.  li.  Rogers,  lie 
was  a  good  lecturer,  with  quiet,  gentlemanly  bearing,  never  failing  to 
make  a  favorabh*  impression  upon  his  audience. 

His  work  in  Pennsylvania  showed  not  merely  great  administrative 
ability,  but  also  the  power  of  mastering  fully  the  observations  of  his 
assistnnts,  making  therefrom  important  generalizations.  He  was 
unquestionably  the  leading  structural  geologist  of  his  time.  Tfiat  his 
generalizations  and  the  tln^ories  he  deduced  will  hot  in  all  cases  hold 
to-day  in  noway  reflects  upon  his  ability.  In  judging  his  work,  as, 
indeed,  judging  that  of  any  of  his  predecessors  and  contemporaries, 
one  must  take  into  consideration  not  merelv  the  condition  of  knowl- 
edge  al  the  time,  hut  also  the  conditions  under  which  they  worked. 


« 


HENRy  Darwin  Rogers. 

ite  (ii-oll^i^l  of  IVnnBjIvniiia. 
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One  (»f  thp  moHt  unk{ue  figures  in  (nirly  Aiihu-h-jui  jjeolojjv  wa<  lliat 
of  Dr.  JttiiiflH  (J,  Pereiviil.  This  iiiaii  was  Iwrii  itt  Kensington,  Uoii- 
iioctirut.  September  15,  17H5,  and  graduated  at  Yale  College  in  1815, 
J  Q  pcrdvBi's  after  which  he  studied  medicine,  i-eceiving  the  degree 
||^2tjlJ«i.  of  ^-  ^-  '"  If^'^tJ)  and  entering  upon  a  troubled  and, 

lus-iMi.  iq  tiig  frienda,  troiibleijome  career,  whieh  tenniitated 

only  with  his  death  in  1856. 

He  wrote  poeiiitt,  i>ecaiiie  etlitor  of  a  newspaper,  was  a  proof  reader 
and  »s.sistant  to  Noah  Webster  in  the  preparation  of  Ins  di<'tionary, 

and  riK-eived  a  Government  appointment  an  surgeon  at  Went  Point  and 

afterwards  with  the  recruiting  sei-vice  at  Boston.     But  no  form  of 

practical  work  seemed  suited  to  his  ta.-ite,  and  he  gave  up  jwsition 

after  position  that  he  might  devote  himself  to  literature. 
Peevish,  often  morbid  and  misanthropic  to  the  i>oint  of  insanity, 

and  always  eomplaining,  truly  such  is  queer  material  from  which  to 

make  a  geologist     "Siender  of   form,  of 

narrow  chest  and  with  a  peculiar  stoop,  a 

large,  fitie  head,  dark  e^'es,  and  inclined  to 

sharpnesH  of  features;  a  wardrobe  consisting 

of  little  more  than   a  single  plain   suit — 

brown  or  gray — which  he  wore  summer  and 

vintpr   until    it   became   threadltare.      He 

never  wore  gloves  nor  blacked  his  boot-*." 

iSuch  is  the  picture  held  up  to  our  view  by 

hiN  contemporaries. 
A  geological  and  niineralogical  survey  of 

Connecticut  being  organized  in    1835,  Per- 

(ival  was  given  charge  of  the  geology  and     

C.  V.  Shepard  the  mineralogy.     Shepard's       F,o.25.-^am«o«.«.Per.^v.i. 
report  appeared  in  1837.     It  comprised  all 

told  some  1S8  pages,  but  waa  not  a<'«ompanied  by  a  map.  sections,  nor 
by  figures  of  any  kind. 

Percival's  report  was  long  delayed,  making  its  appearance  finally  in 
1842.  It  would  seem  that  the  survey,  when  inaugurated,  was  expected 
to  be  but  a  superficial  one,  yet  Percival  was  engaged  uyton  it  for  five 
weary  and  laborious  years,  each  year  rendering  his  researches  more 
minute,  until  be  had  collected  over  eight  thousand  specimens  and 
made  recoixl  of  dips  and  bearings  still  more  numerous.  The  logis- 
lattirs  demanded  a  report,  which  was  not  forthcoming,  and  tinally,  in 
1S41,  all  appropriations  were  withheld  and  an  abridged  report  pub- 
lished, much  gainst  Percival's  wishes.  This  volume  is  Iteyond  ques- 
tion one  of  the  least  interesting  of  any  is.>iued  l)y  any  State.  A  dry 
mass  of  litholc^ical  details,  with  little  or  no  discrimination  between 
important  and  unimportant  matters — no  theories  nor  genenilities.  No 
one  for  a  moment,  will  question  that  Perctval  had  been,  as  he  claimed., 
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'^laborioii.s  and  dili^ent,'^  yet  the  reader  who  searches  from  cover  to 
cover  for  other  facts  than  lithological  characteristics,  dip,  and  strike 
will  search  in  vain.  The  fai*-t  that  the  trappean  outbursts  were  not  in 
straight  and  continuous  lines,  but  curvilinear  in  form  and  oc*cupying 
a  series  of  nearly  parallel  fissures,  was  practically  the  only  break  in 
the  monotonv  of  detail.     He  wrote  to  a  friend: 

1  had  twice  surveyed  the  whole  State  on  a  regular  plan  of  pections  from  eopt  to 
went,  rediKiing  the  intervals  in  the  last  survey  to  an  average  distance  of  2  iuilet<, 
thuH  parsing  along  one  side  of  each  of  the  nearly  5,000  square  miles  of  the 
State.  *  *  *  I  had  examined  all  objects  of  geological  interest,  particularly  the 
rocks  and  their  included  minerals,  with  minute  attention.  I  had  scarcely  paaseii  a 
ledge  or  i)oint  of  rock  without  particular  examination. 

Peevish  and  complaining,  Perciv^al  evidentl}^  could  not  be  made  to 
understand  why  he  should  not  be  allowed  to  go  on  indefinitely,  render- 
ing a  report  when  he  himself  should  be  satisfied  of  its  correctness. 
With  such  a  disposition  the  average  country  legislator  naturally  had 
no  patience,  and  the  abridged  report,  a  volume  of  495  pages,  with  an 
uncolored  map,  was  finally  printed  in  1842,  as  already  noted. 

Though  written  by  a  poet,  it  is  utterly  lacking  in  imagination,  and, 
aside  from  its  dullness,  remarkable  onl}'  from  the  fact  that  it  is  stated 
to  have  been  written  largely  from  memory.  The  subjects  considered, 
in  the  order  given,  were:  First,  the  rocks  or  consolidated  formations; 
second,  the  loose  or  unconsolidated  formations;  third,  the  soils;  fourth, 
economic  results,  and  fifth,  the  physical  geograph} \  The  rocks  were 
all  classed  under  three  heads:  First,  the  primary;  second,  the  sec- 
ondar}^  and  third,  traps,  the  distinctions  made  being  on  almost  purely 
lithological  grounds. 

In  1853  Percival  was  employed  by  the  American  Mining  ('onipany 
in  exploring  the  lead  mines  of  Illinois  and  Wisconsin,  and  in  1854  was 
appointed  State  geologist  of  Wisconsin,  as  noted  elsewhere.  He  died 
in  1S50. 

In  the  American  Journal  of  Science  for  183()  S.  P.  Hildreth,  later 
connected  with  the  geological  survey  of  Ohio,  published  what  was,  for 
its  time,  an  important  paper  relative  to  the  bituminous  coal  deposits  of 

Ohio  and  the  general  geology  of  the  Ohio  Valley. 
WOTk"n  ohfo,  1836.       Although  Hildreth  was  inclined  to  indulge  in  sj^ecu- 

lations  founded  upon  scanty  data,  his  paper  is,  never- 
theless,  important  for  the  numerous  sections  of  the  coal  stratii  and  as 
illustrating  the  condition  of  knowledge  at  that  day  relative  to  both 
coal  and  petroleum. 

Hildreth  was  one  of  the  first  to  recognize  the  enormous  amount  of 
subaerial  erosion  that  had  taken  place  throughout  the  region,  and  that 
tb(»  Ohio  River  had  carved  out  its  own  channel.  He  felt,  however,  that 
in  times  past  tlie  precipitation  had  been  much  greater  than  at  present, 
and  the  abrasion  of  the  surface  by  rain  and  torrents  much  more  rapid. 
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iiv  tlioiiglit  to  rocogime  in  the  Miir^kiiigiiiii  Viillvy  Tcrtim-v  luxl  C^r- 
IwnifiToiis  rofk«  with  New  Red  samlntoiift  on  the  i^xtrt'inc  sonthoni 
border,  whilp  on  the  Clear  Fork  of  the  Little  Muskingum  lie  notwl 
the  oei-urrence  of  a  white  linieutone  which  he  erroneously  iisHigncd  to 
the  Lias. 

Considerable  attention  was  given  to  the  ''  muriatiferouf"  rocks,  ^nd 
he  noted  the  outtToppnig  of  a  5-foot  t»ed  of  <'ohI  in  the  vicinity  of  the 
salt  deposit  as  "evincing  apparent  denign  in  Hini  who  luid  the  foun- 
dations of  the  earth  in  the  greater  uhundance  of  ooid  in  those  plae^'ts 
where  it  would  be  the  most  usefnl,"  i.  e..  in  the  ovaiwration  of  brine 
for  making  salt.  The  occurrence  of  petroleum  xprings  on  the  Little 
Kanawha  he  thus  descriliPB: 

By  opening  and  looaenin);  witli  a  ppade  or  eharpenp^I  Mtirk,  the  pravcl  and  BanA 
*  *  •  the  oil  ritve  t<i  the  Hurfait?  of  the  water,  witli  which  the  trench  in  jiartially 
6]\tii.  It  ie  then  sbimnieil  off  with  a  tin  cup  or  tminc  other  fiiitable  veKK^I,  anil  i>iit 
op  in  liarrels  fur  Bale  or  domentii;  uweu.  In  thii"  way  [rom  fiO  t<i  100  liarpels  ait'  (^)I- 
twlnl  in  a  Beaaim,  and  much  more  could  Im*  pitliered 
iCileinanil  required.  In  the  adjacent  hilln  in  a  thin 
Iwl  (if  coal  •  •  •  but  the  Biiurce  whence  thie 
petroleum  flows  niuct  be  deep  in  the  earth,  and  the 
nitlerial  which  fumiHhes,  vast  in  diinpnwonti.  Tlie 
pnicm  it!  one  of  nature'i*  hidden  itiyHterief,  carried 
"a  in  hw  Hficret  laboratory,  tar  Iteyond  tlic  reach,  ■ 
ui'l  inacceieil)^  to  the  carioeitv  ot  man. 


The  occurrence  of  gas  springs  he  also 
noted,  and  one  in  the  center  of  an  open 
tract,  "given  to  the  public  by  the  liberality 
of  Washington,"  who  "  viewed  it  as  an  inter- 
Ming  natural  phenomenon  which  no  parsi- 
inoniouH  individual  ought  ever  to  appropri- 
ate to  his  own  benefit,"  ih  described  in  «omr  ►■"■.■«.-SHn»"-i  ^^■^c^.u  nuiireiii. 
detail  and  the  same  reverential  Mpirit.  "  There  iippears  to  he  no  dimi- 
nution in  the  amount  of  gas'  from  its  tirwt  dist-overy  to  the  present 
time.  The  same  Almighty  and  liberal  hand,  which  furnished  the 
perennial  fountains  with  water,  having  also  provided  this  gaseons 
spring  with  the  means  of  an  exhanstless  supply." 

Hildreth's  supposed  discovery  of  the  Liassic  age  of  the  white  lime- 
stone, noted  above,  waa  later  dispub^d  by  John  Itiuiister  (iibsim. 
chief  justice  of  the  supreme  court  of  Ponnsylvaiiiii.  who  claimed  the 
credit  for  himself.  Both  were,  however,  in  error,  as  shown  by  sub- 
sequent investigation. 

In  1836  there  was  organized  t!ie  first  geological  survey  of  the  ^tate 

^^^   of  Ohio,  and  W,  \V.  Mather  appointed  chief  gcohigist. 

aioMB.         The  survey  la.sted  two  years,  seeming  to  have  fallen 

through  on  account  of  Iwal  jejdousies.     Two  annual 

reports  were  issued,  of  134  and  2Sf>  pages,  respectively.  Ixith  bearing 

date  of  1^88. 
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Matners  a,ssistants  wero  the  S.   P.  Ilildreth,  just  mentioned,  wbi> 
(»aily  resijifntMl  on   account  of  ill   health;  J.    P.  Kirtland,  Dr.  »Iohi^ 
Locke,  C.  Brij^j>^s,  jr.,  »I.  W.  Foster,  and  Charles  Whittleaey,  the  Iji^t 
named   in   charge   of   topograi)hic   work.     Mather's  own  work  war^ 
largely  of  an  economic  chamcter,  and  he  showed  here  as  in  his  lat<*r" 
work  on  the  New  York  survey,  a  lack  of  discrimination  or  ahilitv  tc^ 
judge  of  the  comparative  value  of  the  different  subjects  with  whicl:i^ 
he  had  to  deal. 

Hildreth's  report  must  be  read  with  a  cei*tain  amount  of  allowance  -, 
since  his  ill  health  and  consequent  resignation  precluded  him  froiLim. 
making  certain  possible  modifications  of  his  earlier  statements,  llc^^ 
described  the  occurrence  of  New  Red  sandstone,  Lias,  Oolite,  etc.,  over  — 
lying  the  coal,  and  dwelt  to  a  considerable  extent  upon  the  possihl^^ 
value  of  the  buhrstone  and  also  upon  the  salt  springs. 

Locke's  report,  comprising  pages  201-286  in  the  second  annual,  wa  ^ 
by  far  the  most  satisfactory,  showing  a  nuich  broader  grasp  of  th^^ 
general  subject  than  that  of  any  of  his  associates.  He  descril)ed  th^3 
rocks-below  the  coal  formation  as  liaving  evidently  been  dejiosited  i^"* 
the  bed  of  a  deep  primitive  ocean,  though  he  failed  to  realize*,  or  a  ^ 
least  ignonnl,  the  vaUu*  of  the  fossil  remains  in  which  the  rock±^ 
abounded,  his  classification  being  wholh'  lithological.  As  pointed  ou  ^ 
by  Orton,  moreover,  he  failed  to  correlate  the  members  of  the  serie^rr= 
which  he  found  with  those  of  the  same  series  elsewhere. 

He   noted   the    immense   amount   of  drift   material,  and   also   the^ 
scratched  and  grooved  surface  of  the  underlying  rock,  describing  it 
as  ""planished  as  if  l)y  the  friction  of  some  heavy  body  moving  ovei^ 
it  and  marked  by  parallel  grooves."     He  regarded  such  as   havin^i' 
probably  been  formed  by  iceb(»rgs  floating  over  the  terrace  and  drag- 
ging gravel  and  bowlders  frozen  into  their  lower  surface.     In  this  he? 
followed  Hitchcock. 

Briggs's  i-oports,  comprising  some  seventy  pages  of  the  first  and  sec- 
ond annuals,  contained  nothing  of  more  than  verv  local  interest.  A  sec- 
tion  was  given  showing  the  relative  position  and  thickness  of  the  strata 
in  the  counties  of  Wood,  C-rawford,  Athens,  Hocking,  and  Tuscarawas, 
but  no  attempt  was  made  to  refer  them  to  any  particular  geological 
horizon,  nor  was  the  ^ahu*  of  fossils  recognized  at  all.  In  fact,  tlu^rc 
was  hut  the  brii^fest  allusion  to  fossils,  excepting  as  curiosities.  This 
seems  the  more  remarkable,  in  the  case  of  Locke  as  well,  when  we  con- 
sider that  tlies(»  regions  are  peculiarly  ])r()lific  in  invertebrate  remains 
afid  the  very  important  role  such  have  since  been  made  to  play. 

To  Foster  was  assigncul  the  geology  of  Muskingum  County  and  parts 
of  Licking  and  Franklin  counties.  He  classified  the  rocks  of  the 
various  formations  of  these  r(»gi(ms  as  Alluvium,  Tertiary,  Coal  Meas- 
ures, (ine-grained  sandstone,  shale,  and  Mountain  limestone,  and  noted 
the  presence  of  rcMuains  of  a  mastodon  afid  acasteroides  in  the  alluvium. 


William  Wili 
Grologial  of  New 
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\Vbitth»s*ey's  results  consisted  of,  first,  a  brief  pamphlet  of  some  eight 
pages,  relative  to  the  general  topography  of  the  Stete,  and  .second,  a 
report  of  seventy -one  pages,  in  which  he  gave  geologiciil  sections  of 
the  rocks  from  Cleveland  to  the  southeast  corner  of  the  Western 
R«*serve,  with  miscellaneous  notes  on  the  order  of  the  'stmta  and  on 
coal,  limestone,  iron  ores,  mineral  springs,  etc. 

Tht*  general  results  of  the  survey  may  be  summed  up  as  follows: 
The  principal  formations,  as  indicated,  beginning  with  the  oldest,  are 
tirst,  the  great  limestone  deposit  (Silurian  and  Devonian)  which  was 
frroiieously  regarded  as  equivalent  to  the  Mountain  or  Carboniferous 
limestone  of  Europe.     This  was  found  in  Adams  County,  extending 
thence  to  the  western  oortion  of  the  Stsite.     It  was  felt  bv  Locke  as 
not  unreasonable  to  suppose  that  the  particles  composing  it  were  once 
held  in  aqueous  solution  and  subseciuently  deposited  in  tmncjuil  waters 
along  the  bottom  of  the  ocean.     This  may  then  hav  e  been  consolidated 
hv  subterranean  heat.     Overlying  this  is  a  bed  of  shales  (Upper  Devo- 
nian) two  or  three  hundred  feet  in  thickness,  black,  fissile,  and  with  a 
fetid  odor.     Next  comes  Wav^erly  sandstone,  the  series  being  thus  tirst 
named.     Fourth,  a  conglomerate  cropping  out  on  the  western  liorder 
of  the  Coal  Measures  and  v-arying  in  thickness  from  80  to  100  feet. 
Fifth,  a  lower  coal  series,  consisting  of  alternations  of  sandstone,  shales, 
h'inestone,  iron  ores,  and  coals,  some  300  feet  in  thickness.     Sixth, 
^iihrstone.     Seventh,  the  upper  coal  series,  made  up  of  sandstones, 
shales,  coal,  iron  ores,  and  limestones.     Eighth,  the  Tertiary  dejx)sits, 
under  which  head  he  included  the  pnuries  or  barrens  in  the  western 
part  of  the  State,  and  the  pebble  beds  and  bowlders  of  primitive  rocks 
so  abundant  in  some  parts  of  the  Scioto  Valley;  and  ninth,  the  recent 
deposits,  including  as  such  those  now  forming  along  the  river  beds. 
The  l>eds  were  noted  as  having  genei-ally  but  a  slight  dip  and  irregular 
undulations.     Ijocke  found  near  the  boundarv  of  Ohio  and  Indiana  a 
summit  level  and  an  anticlinal  axis  from  which  the  strata  dipped  in 
op|K)site  directions,  eastwardly  in  Ohio  and  westwardly  in   Indiana. 
This  is  apparently  the  first  recognition  of  what  has  since  become  known 
as  the  Cincinnati  Uplift. 

Mather  was  educated  at  West  Point,  and  from  1821)  to  1885  was 
assistant  professor  of  chemistry,  mineralogy,  and  geology  in  the  Mili- 
tary  Academy.     While   there    he    published  (1888)  a  text-])ook  on 

geology,  a  miniature  sixteen-mo.  volume  of  some  18t) 
Sketch  of  Mather,     pagcs,  which  sccuis  to  havc  been  fairly  well  received 

at  the  time  and  is  stated  to  have  i)assed  through  sev- 
eral   editions.''     A  photographic  copy  of  one  of  the  {)ages  is  given 

"  Fie  alw>  publi8he<l  in  1S.34  a  I-JC-page  pamphlet  entitled  a  Sketrh  of  tin'  (M'olojry 
and  Mineralojrv  of  New  Lonilon  and  \Vin«lham  ronnticH,  in  Connecticut,  the  winu; 
being  ai*x;onipanied  by  a  colure<l  geological  map. 
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below  to  show  the  general  character  of  the  work  and  the  now  seen 
crudit}'  of  the  illustrations.** 

STIIATIFICATION«  35 

the  strata  appear  to  rest  against  the  sides  of  the  mountaio 

maeses;   d  being  the  moun- 
tain, and  a  a,  b  b,  c  c,  similar 
strata  of  rocks. 
d     \V^C\       There  is  another  instance  in 

which  the  strata  may  not  ter- 

•  b  «  «  *»  *  roinate  at  their  outcrop,  but 

appear  again  in  the  opposite  hill,  as  a  a,  but  h  6,  by  its 

prolongation,  would  pass  over  the  hill  C.     Where  the 

^  strata  are  nearly  hori- 

^^^r^  X.  zontal    similar  strata 

are  almost  al  ways  [bund 

on  the  opposite  sides  of 

|6  a  valley,  as   if  they 

had  been  formerly  con- 

a  tinuous,  and  the  valley 

since  formed  by  some  powerful  cause. 

There  is  another  point  in  relation  to  stratification,  (and 
it  is  also  applicable  to  veinsy  in  rocks  that  are  not  stratifi- 
ed,) that,  from  its  practical  importance  in  mining,  shouU 
be  well  understood.    The  bed  of  coal,  or  vein  of  ore,  ap- 

1^  pears  suddenly  to  termin- 
ate. When  this  occurs,  the 
\b  bed  may  be  found  a^in, 
either  above  or  below  its  o- 
riginal  level.    At  its  appa- 
rent termination,  a  fissure, 
or  else  a  different  kind  of 
rock,  occurs,  generally  in  the  form  of  a  vein,  as  c  c.    Re- 
peated observation  has  shown,  that  if,  at  the  apparent 
termination,  the  rock  cutting  it  off  inclines  towards  you, 
so  as  to  project  over  your  head,  the  bed  of  coal,  or  other 
mineral,  lies  at  a  lower  level  on  the  other  side  of  c  c,  as 
though  the  mass  of  strata  on  one  side  of  the  vein  had  slid 
down  to  a  lower  level.    In  the  fi^re,  a  a  and  b  b  repre- 

Does  the  same  stratum  ever  appear  on  the  opposite 
sides  of  vatlies  7  }Vhen  beds  of  coal  terminate  sudden^ 
ly^  can  they  be  regained  ?  and  how  ?  What  has  been 
observed  of  ihe  positions  of  the  beds  of  coal,  in  refer- 
ence to  the  sloping  of  the  vein  or  dyke? 

Fig.  27.— Page  from  Mather's  Elements  of  Geolojry. 


^  A  copy  of  thiH  book,  in  the  possession  of  the  present  writ<?r,  ha.s  the  folk 
printed  indorsement  pasted  on  the  inside  of  the  front  cover: 

[Rcvoramendation  of  Professor  Sillimaii.  of  Yale  College.] 

Dkar  Sir:  You  ask  my  opinion  of  the  Kleinenteof  (ieolojry,  for  the  use  of  scl 
by  Wm.  \V.  Mather.  I  think  that  it  is  a  judicious,  correct,  and  perspicuous  w- 
containing,  in  a  small  compass,  a  solution  of  many  of  the  most  important  fact 
theoretical  views  in  jjeology,  and  that  it  is  well  adaptel  to  the  object  for  \vh 
wa.«  written. 

Yours,  res pe<*t fully, 

P».  Si  1,1,1  M 
Mr.  VVm.  Lkster,  Jr. 

New  Havkn,  June  i<y,  1834. 
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Mather  resided  his  commission  in  1836  and  gave  up  his  time  wholly 
to  science.  He  was  for  a  short  time  professor  of  chemistry  and 
Djineralogy  in  the  University  of  Louisiana,  but  in  1836  became  con- 
nected with  the  Ohio  State  survey,  and  afterward  with  those  of  Now 
York  and  Kentucky,  as  mentioned  elsewhere. 

He  is  described  as  a  large  and  robust  man,  with  great  capacit}^  for 
physical  and  mental  labor — a  man  "equable  in  his  disposition  and 
f^entle  in  his  manners,  considemte  of  others  and  just  in  his  judgment 
of  them,  modest,  but  manly  and  self-reliant  and  thoroughly  versed  in 
the  branches  of  science  to  which  he  devoted  himself." 

With  a  view  of  directing  the  attention  of  the  legislature  to  the 
imwrtant  subject  of  a  geological  and  agricultural  survey  of  the  State 

of  Georgia,  the  patriotic  citizens  of  Burke  and  Kich- 
S^*i?36^ '"     mond  counties  in  1836,  at  their  own  individual  expense, 

directed  Prof.  John  R.  Cotting — 

to  uiake  a  geolosrical  and  agricultural  survey  of  their  respective  countie?.  To 
examine  all  localities  of  limeHtone,  marls,  and  all  other  minerals  useful  in  agriculture 
and  the  arts.  Also  rocks  that  may  be  pn)i)er  for  the  purpose  of  architecture,  the 
oonrtmction  of  roads,  railways,  etc.  To  examine  the  water  of  springs  and  wells 
with  regard  to  the  salubrity  or  insalubrity  of  the  same.  To  analyze  the  soils  on 
different  plantations  in  the  two  counties,  with  a  view  to  their  improvement.  To 
illibJtrate  the  whole  by  drawings,  diagrams,  and  a  chart  of  the  two  counties,  and 
t(»  present  a  re|K)rt  of  the  same  to  his  excellentry  the  governor,  in  order  that  it  may 
wme  properly  before  the  two  branches  of  the  legislature  should  he  deem  the  subject 
of  mfticient  importance. 

In  conformity  with  these  instructions  Cotting,  in  the  latter  part  of 
March,  began  his  survey,  which  was  continued  for  eight  months,  the 
results  appearing  in  the  form  of  a  duodecimo  volume  of  U)H  pages, 
unaccompanied  by  drawings  or  maps  of  anv  kind,  since  such  could  not 
be  made  within  the  State  and  the  time  assigned  for  publication  would 
not  permit  of  the  original  drawings  being  sent  north. 
•The  work  was  divided  into  three  parts:  (1)  Topography,  (2)  eco- 
nomic, and  (3)  scientific  geology.  The  ideas  a(ivanced  were  naturally 
largely  a  reflection  of  those  held  by  English  and  European  authorities. 
The  formations  were  divided  into  Tertiary,  Secondary,  Transition,  and 
Primitive.  Granite  was  recognized  as  an  igneous  rock,  but  it  does  not 
appear  that  the  fact  of  its  deep-seated  origin  and  subsequent  exposure 
bv  erosion  was  taken  into  account. 

Many  of  these  rocks  [he  wrote]  occur  not  only  together,  forming  a  group  or  series, 
Imt  are  ejected  in  fragments  through  others  and  over  incumlwnt  strata  to  the  highest 
iSeries,  aasuming  the  appearance  of  having  been  once  in  a  fused  state.  Thus  frag- 
ments bearing  all  the  features  of  having  l^een  fused  or,  at  least,  acted  upon  by  fire  or 
inten<«  heat,  occur  scattered  over  the  surface  or  iml)edded  in  the  strata  of  the  Terti- 
ar\'  and  Diluvial  of  this  district,  affording  a  demonstration  that  this  region  of  country 
has  lieen  subjected  to  violent  internal  forces.  The  granite  or  syenite  exhilnts 
marks  of  some  great  force  acting  laterally  and  perpen<licnlarly,  which  has  rent  the 
maas,  heaved  it  up,  and  projected  some  of  the  fragments  to  a  great  distance. 
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It  is  evident  here  that  he  considered  the  bowlder  structure  incident  \ 
to  decomposition  as  original  and  due  to  method  of  extinision. 

Some  interesting  views  regarding  volcanic  agencies  are  given  in  j 
discussing  the  possible  origin  of  the  buhrstone,  a  ehalcedonic  rock  j 
carr^'ing  abundant  casts  of  shells.     The  material  as  found  occurred  | 
*'only  on  the  upper  part  of  eminences  and  the  edges  of  inverted  j 
coneys.''    This  he  seemed  to  think  offered  a  sufficient  demonstration  of  ! 
its  igneous  origin,  and  he  would  acc*ount  for  its  uplift  on  the  theory  ' 
of  submarine  explosions  taking  place  over  a  large  extent  of  sea  bottom 
simultaneouslv.     The  vesicular  character  of  the  buhrstone  he  likewise 
regarded  as  indicative  of  its  volcanic  origin.     '*  It  is  highly  probable 
that  the  fused  mass  in  that  state  was  spread  over  the  bottom  of  the 
then  existing  ocean  and  that  these  vesicles  or  holes  were  the  effect  of 
water  converted  into  steam  by  the  influence  of  the  heat  of  the  mass." 
Inasmuch  as  the  fusion  of  silica  without  the  aid  of  some  other  con- 
stituent to  act  as  a  flux  is  a  phenomenon  unknown  in  nature,  such 
views  now  strike  one  as  somewhat  extraordinary.     Nevertheless  they 
were  in  accord  with  their  time. 

Although  no  use  was  made  of  fossils  in  attempting  to  asceitain  the 
relative  age  of  the  various  rocks,  he  nevertheless  recognized  the  fad 
that  they  indicated  a  sedimentary  origin.     He  wrote: 

GtK>lc»gicaI  iiive»tigation  has  led  to  the  conchision  that  there  have  been  a  number 
of  deluges  at  <lifferent  periods  or,  rather,  that  the  m-eanic  waters  have  swept  over 
the  land,  rontinue<i  for  an  indefinite  i>eriod,  and  then  retreated  st^veral  times,  leaving 
their  <l('bris  l)ehind  them.  In  no  other  place,  i)erhaps,  is  the  truth  of  the  h ypothesw 
better  established  than  in  this  region,  where  foss'il  remains  of  different  animals  cha^ 
acterize  different  formations,  as  it  is  evident  that  these  fossils  nnist  have  l)een  fonued 
from  animals  who  could  not  have  existed  under  the  earth,  but  on  its  surface  anii  at 
the  lx)ttom  of  the  then  existing  sea. 

This  well-meant  attempt  to  arouse  public  interest  proved  only  par- 
tially successful.  The  legislature  of  the  following  winter  adopted  a 
resolution  authorizing  the  governor  to  employ  a  suitable  and  well 
qualified  person  to  undertake  the  work  and  appropriated  $10,000  to 
carry  it  on.  Doctor  Little  was  thereupon  appointed  State  geologist, 
but  as  the  legislature  of  1840  abolished  the  office  nothing  of  value  was 
accomplished. 

For  but  the  thiixl  time  in  this  history  we  are  called  upon  to  step 
l>e3^()nd  the  limits  of  the  United  States,  and  for  the  second  time  upor 
the  soil  of  Nova  Scotia,  a  land  still  later  made  famous  through  thi 

iul)ors  of  Ijoiran  and  the  elder  Dawson.  In  1836  then 
Work  in  api)eared  a  volume  of  272  oc'tavo  pasfcs,  entitled  Re 

Nova  Scotia.  1836.         **  *U     r  ^       1  ^Af  1  /x'  C       ^• 

marks  on  the  (jreology  and  Mineralogy  of  r^ova  Scotia 
by  Abraham  (xesner.  This  had  been  precc»ded  only  by  Jackson  am 
Alger's  work,  and  was  for  its  time  uiu(uestionably  a  nMiiarkable  book 
A  g(Hjlogi(*al  map  of  the  interior  of  the  peninsula  accompanied  tin 
volume.     The  southwestern  border  was  colored  as  occupied  by  primar; 
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granites,  ^eis»,  and  mica-slate,  this  being  succeeded  b}'  a  widi*  belt 
(colored  blue)  of  transition  slate,  gray  wacke,  and  gray  wacke  8lati>,  and 
thi»,  in  its  turn,  by  a  broad  band  of  sandstone  (colored  red)  extending  up 
as  far  as  Westmoreland  0)unty,  New  Hrunswick.  The  broad  belt  of 
twp  rocks  along  the  southwest  shore  of  the  Hay  of  Fundy  was  colored 
l^reen.  Important  l>eds  of  iron  ore  were  indicated  in  the  transition 
slate  and  of  coal  in  the  red  sandstone.  These  districts  were  described 
in  considerable  detail,  and  attention  was  called  to  the  fact  that  the 
different  formations  corresponded  in  direction  and  geneml  character 
with  those  of  the  United  States. 

Gesner\s  ideas  regarding  the  uplifting  of  strata  and  the  causes  thereof 
were  not  at  all  in  advance  of  his  time.  Thus  writing  of  the  position 
of  the  slate: 

Theptratii  are  varioasly  incline<l,  and  in  some  cases  much  twisted  and  broken; 
Int  generally  they  are  so  placed  an  to  KUi)|N)rt  the  opinion  that  the  primary  mcks 
under  their  southern  side  have  l>eeu  uplifte<l  by  Home  violent  and  sudden  move- 
ment which  has  thrown  the  neighboring  slate  m  its  present  leaning,  and  often 
perpendicular,  position. 

The  iron  ore  of  the  South  Mountains  he  rt^garded  as  of  aqueous 
origin,  such  being  demonstrated  ])y  the  presence  of  the  murine  fossil 
shells  which  it  contained.  Their  presence,  how(»ver,  he  was  unable  to 
explain. 

From  whence  came  these  shells,  and  by  what  mighty  convulsions  und  changes 
in  ibis  glol)e  have  their  inmates  been  deprived  of  life  and  inrarceratiHl  in  hard, 
comjttct,  and  unyielding  rocks?  By  what  momentous  and  violent  catastrophe  have 
thev  been  forced  from  the  bottom  of  the  ocean,  where  thcv  wen*  evidently  at  some 
former  period  place<i,  to  the  height  of  several  hundred  feet  alwve  the  level  of  the 
piepent  st>a,  and  even  to  the  tops  of  the  highest  mountains? 

And  further  on: 

It  is  evident  that  tlie  slate  and  ore  containing  the  shells  already  mentione<l  were 
once  at  the  bottom  of  an  ancient  sea.  *  *  *  By  some  mighty  n?volution  the 
ground  occapie<l  by  them  has  been  uplifted  an<l  their  native  submarine  possessions 
converted  into  slate,  and  even  iron  ore. 

The  fact  that  some  of  this  iron  ore  is  magnetic  was  n»gardod  by 
Jackson  and  Alger  as  due  to  the  presence  of  trap  rock.  GcsncM-,  how- 
ever, considered  this  as  not  probable,  and  called  attention  to  the  fact 
that  the  trap  rocks  are  placed  in  a  situation  indicating  a  dr^te  nuich 
later  than  the  New  Red  sandstone  upon  which  they  rest. 

NotwitQstanding  the  crudity  of  his  notions  as  to  the  manner  in 
which  the  fossil  remains  had  become  entom])ed,  (icsner  possessed  v(»ry 
advanced  ideas  concerning  their  value  for  correlation  purpos<\s.  This 
is  shown  in  his  discussion  of  the  slate  ninge  extending  from  Yarinoutli 
to  the  Gut  of  Canso.  The  fossils  found  th<»rein,  he  felt,  had  an  exist- 
ence  coeval  with  the  original  stratification. 
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They  were  inhabitants  of  the  same  age,  enjoyed  similar  bounties,  the  same  cli- 
mate, and  were  companions  at  a  {period  when  the  waters  of  the  sea  were  as  warm  as 
those  of  the  present  tropical  oceans;  a  fact  easily  proved  by  their  organization  and 
the  beauty  and  delicac^y  of  their  shelly  coverings.  The  corals,  coraline  sponges,  and 
other  vegetable  productions  of  that  iHjriod,  although  bearing  a  striking  resemblance 
to  those  now  flourishing  in  submarine  situations,  have  nevertheless  some  peculiar 
characteristic  features,  distinguishing  them  from  species  of  the  same  clanses  now 
inhabiting  our  shores,  although  their  lineal  descendants  have  long  since  i>as8ed  away. 

Gesner  was  an  extreme  catastrophist,  and  his  ideas  concerning  the 
origin  of  the  drift,  as  well  as  that  of  coal,  were  formulated  more  or  less 
by  the  scriptural  account  of  the  flood.  Discussing  the  fragments  of 
slate  and  the  masses  of  quartz  rock  and  granite  that  were  fvund  scat- 
tered over  the  surface  of  the  Red  Sandstone,  and  even  entering  into 
its  composition  at  great  depth,  he  argued  that  their  shape  demonstrated 
that  they  had  been  transported  by  the  efforts  of  mighty  currents. 
From  this  fact  he  conceived  that  similar  causes  had  operated  upon  the 
surface  of  the  earth  at  separate  and  distinct  periods  of  time,  one  period 
having  produced  the  ingredients  of  the  newer  rocks,  which  in  their 
turn  had  been  evidently  denuded  by  the  i*apidity  of  overwhelming 
floods.  He  thought  it  probable  that  the  flrst  great  catastrophe  arose 
when  the  earth  emerged  from  beneath  the  waters  at  its  first  cremation, 
before  which  darkness  was  upon  the  face  of  the  deep,  and  that  it  was 
not  improbable  that  another  geological  event  may  have  produced 
another  class  of  phenomena  at  that  period  when  the  "windows  of 
heaven  were  opened  and  the  fount^iins  of  the  great  deep  l)roken  up.'' 

The  giant  bowlders,  sometimes  found  on  the  very  hilltops,  he  recog- 
nized as  erratics,  but  could  not  believe  them  to  be  due  to  flood  action. 
"They  have  doubtless  been  thrown  upwards,"  he  wrote,  "and  left 
cresting  the  highest  ridges,  by  volcanic  explosions  that  have  taken 
place  since  the  general  inundation  of  our  planet."  The  general  phe- 
nomena of  the  drift,  however,  he  regarded  as  almost  certainly  the  effect 
"of  an  overwhelming  deluge  which  at  a  former  period  produced  those 
results  now  so  manifest  upon  the  earth.  Not  only  hath  the  granite 
sent  its  heralds  abroad,  large  blocks  of  tiiip  are  also  scattered  over 
the  soil  of  Nova  Scotia  far  from  their  original  and  former  stations." 

That  coal  is  of  organic  origin  he  recognized,  though  as  to  the  man- 
ner of  its  accunmlation  he  was  somewhat  in  doubt.  He  assumed  that 
a  part  of  it  at  least  may  have  collected  at  the  bottom  of  the  sea, 
together  with  succes.siv  e  layers  of  sand  and  day,  and  that  the  beds  had 
since  l)een  uplifted  by  volcanic  forces.  The  method  of  conversion  of 
the  organic  matter  into  coal,  he  thought,  might  also  have  been  brought 
about  through  the  intervention  of  volcanic  forces. 

In  discussing  the  changes  which  have  taken  place  on  the  surface  of 
the  earth,  he  queried  if  such  might  not 

have  ln'iMi  produced  Ix^tweeii  that  j>eri()<l  when  the  globe  was  first  createil  and  the 
Noachian  deluge,  and  might  not  many  of  those  effects,  the  causes  of  which  are  now 
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alnioHt  inexpHi^ble,  have  l)een  pnKlui;e<l  at  that  inomctitouH  ix'riod  when  the  "  wiii- 
<luw?of  heaven  were  0|X5iie<l,  and  the  fountains  of  tlie  jrreat  deep  broken  up. "  *  *  ♦ 
Id  iio  way  i;an  these  phenomena  b(i  so  natisfar^torily  acoonnt(Mi  for  and  ex]>IaiiUMl  im 
by  admitting  the  brief  airount  of  the  creation  of  the  world  Iti  tlie  lirst  (•haf)ter  of 
Gene^in;  and  that  there  is  no  necessity  for  makin^^  the  world  apinsar  older  than  its 
date  jriven  })y  Moses. 

The  voli-anic  fires  of  the  earth  are  j^radually  iKH'oniing  extinct.  They  were  evi- 
dently far  more  vehement  in  former  ages  than  in  the  pnv4*nt  day.  Therefore,  we 
have  rfufiicient  reaeonsi  to  believe  that  from  the  creation  of  the  world  to  the  <leluge 
jjTwt  changes  must  have  taken  place  upon  the  earth's  surface.  Who  can  clearly 
i\mi\e  that  the  flaming  swonl  which  forever  shut  out  our  tirst  parents  fmm  I'Men'.s 
(le%htful  ganien  was  not  a  livid  torrent  of  flame  issuing  from  the  ground  i>olluted 
bv  gin? 

Concerning  th(»  limestones  of  the  coal  formation  along  tlie  N(»pan 
Kiver,  he  wrote: 

On  the  surface  of  the  Umestone  the  detritus  of  the  deluge  fonns  a  distinct  cover- 
ing; and,  according  to  the  opinion  of  some  geologists,  should  not  lHM*onsidere<l  in 
any  way  connecteil  with  the  changes  which  have  taken  place  in  the  strata  beneath. 
But  we  would  remark  that  although  the  ^x'ds  of  rounde<l  pebbles  and  sand  clearly 
(lenioiistrate  the  effet'ts  of  a  floo<l,  they  can  have  no  reference  to  the  great  ge(»logical 
catastrophe  which  ushered  in  that  awful  event.     The  depression  of  whole  continents, 
the  nii.*iing  of  the  cx-ean's  level  lied,  the  distortion  of  stnita  previously  horizontal, 
the  elevation  of  mountains,  and  all  those  violent  oj)erations  whereby  the  wh«)le 
surfa'-e  of  this  i»lanet  has  l)een  rent  asunder,  might  have  l)een  the  prchnle  to  that 
overwhelming  deluge,  while  the  diluvial  debris  resultiMi  from  the  action  of  torn^nts 
after  the  crust  of  the  glolje  had  been  thus  l>roken  \\\). 

Gesner  was  l)orn  of  German-French  ancestry  in  Cornwallis,  Nova 
S'otia,  and  was  by  profession  a  physician  and  surgeon.  For  a  long  time 
after  obtaining  his  degree  he  practiced  his  profession  in  the  country 

bordering  the  shores  of 
Sketch  of  Gcnicr.       Miuas    Basin,    making    his 

visits  on  horseback,  and 
often  returning  with  saddlebags  filled  with 
specimens  collected  on  the  way.  In  1S88, 
two  years  after  the  publication  just  referred 
to,  he  was  ap^winted  provincial  geologist  of 
New  Brunswick,  and  removed  to  St.  John, 
where  he  estaiblished  the  Gesner  Museum, 
afterwards  purchased  by  the  Natural  History 
So<rietv  of  New  Brunswick.  This  was  an 
all-round  natural  historv  collection,  manv 
of  the  zoological  specimens  having  been 
collected  by  (Jesner  hhnself,  who  was  an 
ardent  sjK)rtsman. 

After  the  somewhat  prematun*  closing  of  th(^  sui'vey  in  ls4«>(0i 
Ge.Mier  left  St.  John  and  returned  to  Cornwallis.  Duriuir  his  residence 
here  he  wrote  his  works  on  New  Brunswick,  with  notes  for  emignints. 
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and  The  Industrial  Resources  of  Nova  Scotia.  Besides  his  medical 
practice  and  thi^  scientific  and  literary  work  already  mentioned,  (iesiicr 
en^ai^ed  in  studies  in  a})plied  science,  particularly  in  electricity  and 
chemistry,  and  in  1854  took  out  a  ])at«Mit  in  the  United  States  for  the 
manufacture  of  kerosene  from  coal  and  other  bituminous  sul)stances. 
AlH)ut  this  yxM'iod  he  resided  in  Brooklyn,  New  York,  and  was  con- 
nected with  the  com|)an\*  havinj^  works  on  Newton  Creek  near  Perrv 
Bridge.  In  ISHl  he  published  a  work  on  coal,  petroleum,  and  othci" 
distilled  oils.  He  returned  to  Halifax  in  18<»3,  where  he  died  the  fol- 
lowing year. 

He  is  represented  as  a  man  of  medium  height,  with  deej)  chest  and 
scjuare  shoulders.  !)lack  hair  and  eyes,  and  a  face  showing  deep  thought - 
and   strong   intellectual   [X)wer.      He    was  unquestionably  a  man  of^ 
great  mental  and  physical  eneigy.     He  was  noted  for  his  deej)  piet\^ 
and  remained  all  his  life  a  firm  churchman.     It  is  told  of  him  that^ 
when  connected  with  (niy's  Hospital  in  London,  if  troubled  by  an\^ 
physiological  mystery  which  had  b(*C4)me  a  subject  of  speculation,  her 
always  gave  as  his  ultimate  conclusion  that  *"(iod  made  it  so."     Thij^* 
plmise  liecame  known  as  *^(iesner\s  reason''  and  was  so  used  amonj^ 
the  students. 

Although  C.  U.  Shepard's  work  was  mainly  mineralogical.  he  <H*ca— 
sionally  contributed  papers  on  areal  geology.     Thus,  in  the  Americar* 

^Journal  of  Science  for  188s,  we  find  an  article  by  hin» 
on  the  geology  of  upper  Illinois.  In  this  he  descrilh-d. 
the  (^\t«Mlsive  Kankakee  swamp  region  south  of  Chi- 
cago, and  the  old  ))each  lines  above*  the  present  lake  level.  II«*  alsi^ 
discussed  the  possil)ie  overflow  of  the  lak(»  in  ancient  periods  to  th«r 

southward,  and  dwelt  to  a  considera))h* 
extent  on  the  possibility  of  and  tin*  com- 
mercial advantages  to  be  derived  l)v  unitiu<r 
th(»  waters  of  Lake  Michigan  and  the  Illinois 
River,  forming  thus  a  connection  with  the 
Mississip])i. 

Till*  <jfeolo<rv  of  tiie  r(»ii"ion  was  described 
as  being  exc(MHlingly  simple  and  uniform, 
th(*  (freat  rock   formation   beinijf  the  mair- 
ne^ian  limestone.     HcMuentioned  the  occur- 
rence   in    this  of    "Ortliocera''   and    large 
*' Pectuncnius  "    and     *' Tere))ratula,"''    two 
species  of  *' Ammonites"  and  ^'C^aryophyl- 
lia."   and    a    '*  Favosites."     'V\\o    northern 
boiindarv  of  the  coal   formation  he  said   he 
could  not  (letine  with  precision  through  hu-k  of  opportunity  to  exj)loie 
it   in  detail.      A  <r<'<>It>trieal  section  of  the  I'egion  )>etween   Fox   Hiver 
and  Spring  Creek  accompanied  the  paper. 


Shepard  on  Geoloj^y 
of  Upper  niinois. 


1838. 
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On  March  f>,  IS35,  the  general  as8oml)ly  of  Virginia  autlioriztHl  the 
ap|K>intinent  of  a  "'suitable  jK'rson"' to  make  a  geologic^al  reconnai.s- 
.>anc(»  of  the  Stat(».  with  a  view  to  tlie  general  geologicul  featurc».s  of 

the  territory  and  to  the  eheiniral  composition  of  its 
invirfiiiia,  soils,  rocks,  ores,  minenil  waters,  etc.     Prof.  W.  B. 

1835-1841.  7  7-'  7 

Rogers,  then  professor  of  natural  history,  philosophy, 
and  chemistry  in  William  and  Mary  College,  and  brother  of  H.  1). 
iiogers,  was  selected  as  the  suita!)le  person,  entering  u]3on  his  duties 
in  1835  and  holding  the  office  for  seven  years.  He  was  assisted  from 
time  to  time  by  George  \V.  Boyd,  Calel»  Briggs,  E.  A.  Aiken,  ( •.  B. 
Havden,  Siimuel  Lewis,  J.  B.  Rogers,  H.  D.  Rogers,  R.  E.  Rogers, 
Thomas  S.  Ridgeway,  and  M.  Wells.  The  survey  continued  in  exist- 
ence until  the  close  of  1842,  the  act  of  authorization  being  repealed  by 
the  legislature. 

No  provision  was  made  for  the  preimnition  of  a  final  re]X)rt,  although 
Rojjfers  was  ready  to  undertake  the  same,  and  the  idea  not  finally  aban- 
doned until  as  late  as  1854.  The  necessary  appropriation  was,  how- 
ever, not  granted,  and  the  seven  l)rief  annual  reports  submitted  are 
all  there  is  to  show  for  years  of  careful  and  pitient  work  under  most 
adverse  circum8tanc<?s.  No  map  and  no  sections  were  published  at 
the  time.  In  1884,  after  Rogers's  death,  a  n^.print  of  all  these  reports 
wa.s  made  under  the  editorship  of  Maj.  Jed.  Hotohkiss,  an  engineer,  of 
Staunton,  Virginia.  They  formed  an  octavo  volume  of  upward  of  five 
hundred  pages.  This  was  accompanied  by  a  small  geological  map 
which  Rogers  had  previously  colored  for  llotchkiss,  and  by  numerous 
plates  of  sections,  which  are,  however,  not  described  in  the  text. 

L'nder  the  conditions  enumerated  above,  it  is  not  surprising  that 
the  reports  contained  little  of  more  than  local  interest,  and  that  the 
broader  aspects  of  geology  were  bandy  touched  upon.     The  region 
Hcst  of  the  Blue  Ridge  was  describ(»d  as  occupied  by  fourteen  grou])s 
of  strata,  which  were   designat(»d   by  num})ers,  l)eginning  with  the 
lowermost.     These  all  showed  so  general  a  conformity  in  superposi- 
tion, and  so  remarkable  a  correspondence  in  their  minei'alogical  and 
physical  characters,  as  to  clearly  indicate,  he  felt,  the  propriety  of 
i-egarding  them  all  as  parts  of  one  great  series  of  strata  accumulated 
over  the  widely  expanded  floor  of  the  ancient  ocean. 

No  mention  was'  made  of  the  fossil  contents  of  anv  of  these  ])eds, 
nor  attempts  at  correlation  or  determination  of  their  geological  age. 
This  seems  the  more  remarkalde  when  one  considers  the  value  attached 
to  fossils  l)y  Rogei's  in  his  work  on  the  Tertiary  formations,  where  the 
inspection  of  a  single  shell,  he  claimed,  would  often  ena])le  one  to  pro- 
nounce upon  the  chanu^ter  of  the  stratum  from  which  it  was  taken  - 
that  is,  whether  pertaining  to  the  Eocene  or  Miocene. 

The  Massanutten  Mountains  were  recognized  as  oin.»  great  synclinal 
truct  resting  in  a  trough  of  slat(\     It  is  worthy  of  note,  in  view  of  the 
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IT.  D.  Rojifor.s-Hit(*hcock  controversy  referred  to  elsewhere  (p.  314), 
that  iu  his  report  for  1S38  Rogei's  deseri]>ed  in  considemhle  detail 
•""the  extraordinary  phenomenon  of  inversion**'  presented  throutrhout 
the  h)ng  rea(5h  of  Nortli  Mountains,  whereby  the  entire  series  from 
formations  II  to  VIII,  inclusive,  were  found  to  lie  conformably  one 
upon  the  other,  but  in  a  reversed  stratigraphical  position;  that  is,  the 
oldest  above  and  the  youngest  at  the  bottom.  No  attempt,  however, 
was- made  to  account  for  the  same. 

In  the  report  for  1839  the  Tertiary  marl  south  of  the  James  River 
was  described  in  detail  and  its  f'k)cene  and  Miocene  subdivisions  recog- 
nized. In  that  for  1840  was  given  a  list  of  the  fossils  found  in  the 
Miocene  marls,  and  attention  called  to  the  disco verv  of  a  ''  remarkal)le 
stratum  varying  from  12  to  25  feet  in  thickness,  composed  almost 
entirely  of  microscopic  fossils  (Diatoms),  and  lying  l^etween  the 
Eocene  and  Miocene,  but  referred  to  neither."  This,  the  first  discov- 
erv  of  its  kind  in  the  United  States,  was  referred  to  as  an  ''infusorv 
stratum.'' '*  The  coarse  ^'middle  secondary"  conglomerates  of  Vir- 
ginia, corresponding  to  the  Potomac  marble  (Triassic)  of  Maryland, 
he  regarded  as  liaving  been  deposited  by  strong  currents  coming  from 
the  southeast  which  laid  down  their  load  in  a  long,  narrow  trough 
extending  from  southwest  to  the  northeast;  such  ''being  dep<^)sited  in 
successive  layers,  commencing  at  its  southeastern  margin,  would  nat- 
urally assume  the  attitude  of  strata  dipping  toward  the  northwest.'' 

When  one  considers  the  condition  of  the  countrv  at  the  time  Roirei*s 
did  his  work — the  lack  of  facilities  for  transportation,  the  entire  lack 
of  maps  sufiiciently  accurate  for  purposes  of  plotting,  the  deep  mantle 
of  residuary  niat<M*ial  that  nearly  everywhere  obscured  the  more  solid 
rocks,  and  that  there  were  no  railroad  cuts  or  other  artificial  exposures, 
such  as  exist  to-duv-  one  can  Imt  admire  its  accuracy.  It  is  not  vet 
too  late  to  express  n^grets  that  the  parsimony  of  the  legislature  should 
have  stood  in  the  way  of  the  preparation  of  a  final  report. 

W.  B.  Rogers  undoubtedly  derived  a  portion  of  his  enthusiasm  for 
geology  from  his  brother  Henry.  The  first  manifestations  of  this 
mental  trend  appeared  while  professor  of  natunil  philosophy  and 
chemistry  at  William  and  Mary  College  in  1888,  when  he  set  on  foot 
in(jiiiries  relative  to  the  greensand  marl  of  Virginia.  Ilis  first  pub- 
lication, as  given  in  his  biography,  however,  related  to  artesian  wells 
and  appeared  in  the  Farmer's  Register  of  Richmond  (IS84-85). 

The  poverty  of  his  resources  in  1835,  whih*  hopefulh^  agitating  the 
establishment  of  a  State  geological  survey  for  Virginia,  can  not  be  bet- 
ter illustrated  than  by  noting  fhe  re(]U(vst  sent  to  his  brother  Henry,  in 
Philadelphia,  for  the  chemicals  and  apparatus  mentioned   beh)W  to  Ih> 

"In  1S4.S  Tnoiiiey  announced  the  discoverv  of  an  infnsorial  stratiun  at  Petersburg, 
in  Virginia.     TliivS  he  referred  to  the  lower  ])ortion  of  the  Miocene. 
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used  in  the  prosecution  of  his  scientific  work.  The  list  comprised  1 
platinum  capsule,  1  ix>und  of  absolute  alcohol  (French),  one-half  ounce 
oxide  of  ammonia,  one-half  pound  distilled  muriatic  acid  (pure),  1 
pound  distilled  nitric  ludd,  one  4-ounce  vial  of  phosphate  of  ammonia, 
1  foot  small  platinum  wire  for  blowpipe. 
He  wrote: 

My  alcohol,  with  all  the  economy  I  have  iised,  is  almost  oxhaiiPte<l.  The  jjill 
which  I  had  at  the  opening  of  the  course  has  been  iiseil  at  U«st  t-en  times  in 
analysis,  and  though  carefully  distilknl  off  in  t»ach  operation,  a  jKirtion  is,  of 
pinirse,  lost. 

In  Auj^^t  of  1835  Rogers  was  elected  to  the  chair  of  natural  philos- 
ophy in  the  University  of  Virginia,  at  Charlottesv  ille,  a  position  which 
he  gladly  accepted,  being,  undoubtedly,  influenced  in  part  at  least  by 
the  more  healthful  climate  of  the  latter  place. 

His  first  years  here  were,  however,  full  of  trial,  owing  to  the  dual 
nature  of  his  duties — teacher  and  State  geologist — and  the  lawless  char- 
acter of  many  of  the  students.  Lacking,  as  he  was,  in  physical  stamina 
at  the  beginning,  the  trials  as  professor  and  the  lack  of  appreciation  of 
his  work  by  the  State  legislature  undoubtedly  wore  upon  him  severely 
and  had  to  do  with  his  comparative!}'  early  l)reaking  down. 

Like  other  of  the  ])roader  men  of  his  time,  Rogers  was  an  all-round 
scientist,  and  wrote  not  merely  on  geology,  l)ut  made  observations  on 
the  aurora,  experiments  with  reference  to  binocular  visions,  and  otluM* 
subjecfc>. 

As  early  as  1846,  in  connection  with  his  broth(»r  Henry,  he  formu- 
lated  plans  for  the  Polytechnic  School  in  Boston,  which  place  he  felt 
persuaded  was  on  all  accounts  the  best  suited  for  an  institution  of  this 
kind.  '^  I  long  for  an  atmosphere  of  more  stinnilating  power,''  he  wrote 
from  Charlottesville,  and  with  these  thoughts  in  mind  he  resign(Ml  his 
professorship  in  1848,  but  was  induced  to  reconsider  and  remain  for 
five  years  longer.  On  his  final  removal  to  Boston  in  lvS53  lu*  con- 
tinued to  take  an  active  part  in  scientific  and  educational  matters.  The 
year  1859  found  him  again  actively  advocating  his  plan  for  an  institute  of 
technology,  the  matter  being  })r()ught  forward  at  this  time  in  connection 
with  the  so-called  Back  Bay  lands  and  their  rapidly  enhancing  value, 
and  in  1801  an  act  to  incoi*porate  the  Massachusett.s  Institute  of  Tech- 
nology passed  the  legislature  and  was  approved  )>y  the  governor.  In 
1862,  an  organization  having  been  perfected,  he  was  elected  its  first 
president,  an  office  he  continued  to  hold  until  forced  to  resign  by  ill 
health  in  1870.  In  1878,  his  health  having  improved,  he  was  again 
induced  to  temporarily  accept  the  presidency,  holding  tlic  position 
three  years,  and  being  succeeded  by  (len.  F.  A.  Walker. 

His  reputation  as  a  geologist  rests  mainly  upon  his  work  as  State 
geologist  of  Virginia  and  that  on  the  structure  of  the  Appalachian 
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Chain  in  connection  with  his  brother,  H.  O.  Kogers.  Ho  was,  how- 
ever, widely  known  as  an  educator  and  onitor.  To  <|uot4»  from  one  of 
his  l)iog'raphers: 

The  wide  extent  of  hit*  own  ntudicH  and  rc8i»arehe«  in  niei!lianii*H,  physies,  eheui- 
istry,  and  geology;  hi^  truly  pliilosophical  spirit,  his  unfailing  courtesy  and  urb&nity, 
his  warm  sympathies,  his  scientiiic  enthusiasm,  his  eommanding  an<l  stately  pn^s- 
ence,  his  rare  gifts  of  expression,  all  combined  tr>  make  him  the  ideal  presiding! 
officer.  liis  introductions  were  most  felicitous;  his  commenta  highly  suggestive  and 
inspiring;  his  summing  up  was  always  a  masterpiece  of  discriminating  and  judicious 
reasoning,  while,  over  all,  his  rich,  tropic^al  elo(]ueni^  threw  a  spell  as  of  poesy  and 
romance,  for  to  him  the  truth  was  always  beautiful,  and  the  most  solid  and  substan- 
tial structure  of  scientific  pritK'iple  sto<^d  in  his  view  against  a  sunset  sky,  radiant 
with  a  light  whi(!h  no  painterV  i>encil  ever  had  the  art  to  tix  to  canvas. 

On  April  15,  1886,  there  wa8  authorized  by  the  State  assembly  a 
geological  and  niinenilogical  survey  of  New  York.  This  led  to  an 
organization  which  has  left  a  more  lasting  impression  upon  American 

geology  than  any  that  has  followed  or  had  preceded 
oTNew  Yoil?V836.    ^t.     As  fate  ordaiucd,  the  locality  was  one  of  the  most 

favorable  that  could  have  been  selected  for  working 
out  the  fundamental  principles  of  stratigraphic  geology;  moreover, 
those  appointed  to  do  the  work  proved  e(|ual  to  the  occasion.  The 
New  York  survey  giive  to  American  geology  a  nomenclature  largely 
its  own;  it  demonstrated  above  everything  else  the  value  of  fossils  for 
purposes  of  correlation,  and  incidentally  it  brought  into  prominence 
one  man,  James  Hall,  who  was  destined  to  l)ecome  America's  greatest 
paleontologist. 

To  secure  the  greatest  amount  of  individual  freedom  and  to  facili- 
tate the  work  to  best  advantage,  th(^  State  was  divided  into  four 
districts,  W.  W.  Mather  b(»ing  j)laced  in  charge  of  the  first,  E])enezer 
P^mmons  the  stM'ond,  Tiniotliv  A.  Conrad  the  third,  and  Lardner  Van- 
uxem  the  fourth.  The  survev  continued  in  existence  for  five  vears, 
reports  being  issued  aniuially  in  the  form  of  assembly  documents,  the 
final  n»ports  appearing  in  1.S42-4S  in  the  form  of  quarto  volumes,  com- 
prising, all  told,  over  2,000  pages  and  82  plates,  sections,  and  maps. 

The  minenilogical  and  chemical  work  of  the  survey  was  placed  under 
the  cliar<re  of  Dr.  L(»wis  C.  Beck,  while  Dr.  John  Torre v  was  made 
botanist  and  Dr.  James  E.  De  Kay  given  charge  of  the  zoological 
dei^irtment.  At  the  end  of  the  first  season  ( -oni'ad  resigned,  to  become 
paleontologist  of  the  survey,  and  »James  Hall,  who  had  previously 
been  an  assi>tant  to  Ennnons,  was  put  in  charge  of  th(»  fcmrth  district. 
whil(»  Vanuxem  was  transferred  to  the  second.  As  with  all  the  earlier 
surveys,  agriculture  and  mining  were  considered  subjects  of  primary 
importance.  The  results  of  tiie  survey  can.  iiowever,  be  best  consid- 
ered under  the  date  of  issue  of  the  final  reports  (p.  374). 

This  same  year  witnessed  also  the  estai)lishmcnt  of  a  geological 
survey  in  the  adjoining  State  of  Pennsylvania,  of  which  H.  D.  Kogers, 
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■  hIm)  State  geologist  of  New  .Jersey,  was  placed  in  charge.     This  sur- 

■  ve\\  as  first  planned,  was  expected  to  continue  for  a  period  of  at  least 
.      ^  ten  years,  but  was  hrouifht  to  an  abrupt  close  in  1842, 

/       Geological  Survey  .  *  ,  . 

f     of  Pennsyivaiiia,       owing  to  the  financial  embarnussment^s  of  the  ( 'ommon- 

1836. 

wealth.  Rogers,  however,  unwilling  to  relinijuish  the 
work  in  its  incomplete  fomi,  continued  on  his  own  responsibility,  and 
largely  at  his  own  expense,  for  three  j^ears  longer,  and  in  1847  depos- 
ited in  the  office  of  the  secretary  of  the  Commonwealth  his  final  report, 
r<*axly  for  publication.  For  reasons  to  be  noted  later,  the  publication 
of  this  report  was  delayed  until  1858. 

During  its  period  of  existence  the  survey  issued  six  annual  reports, 
the  first  bearing  the  date  of  1836  and  the  last  1842.  These  were  small 
octavos,  destitute  of  illustration,  with  the  exception  of  a  few  outline 
sections,  and  of  from  100  to  250  pages  each.  The  results  of  the  work 
were  so  completely  elaborated  in  the  final  reports  issued  in  1858  that 
these  preliminary  publications  have  been  almost  completely  lost  sight 
of  and  are  of  merely  historical  interest.  It  is  well  to  note  that,  owing 
to  the  large  proportion  of  foreign  population  in  the  State  at  that  date, 
two  editions  of  the  preliminary  reports  were  issued — one  in  English 
and  one  in  German.  This  dual  publication,  so  far  as  the  present 
writer  is  aware,  was  paralleled  only  in  the  case  of  the  Ohio  survey, 
under  Newl)erry. 

As  with  the  New  York  survey,  the  results  of  Rogers's  work  can  be 
best  summed  up  in  a  consideration  of  the  final  reports  (see  p.  489.) 

After  nearly  ten  years  of  agitation,  there  was  passed  by  l)oth  houses 
of  Congress,  and  approved  by  the  President  on  May  14,  1836,  a  !)ill 
providing  for  an  exploring  expedition  to  the  South  Polar  regions  and 

the  islands  and  coasts  of  the  Pacific.  This  expedition, 
E?53itto5?^"2      which  finally  sailed  from  Norfolk  on  August  17,  ls38, 

and  which,  from  the  name  of  its  commander  in  chief, 
has  come  to  be  known  as  the  Wilkes  P^xploring  Expedition,  had  for 
its  immediate  object  the  increase  of  such  knowledge  as  would  l)e  of 
interest  and  value  to  the  whaling  industry,  which  had  sutTered  severely 
through  loss  of  men  and  vessels  in  these  remote  regions.  Research 
along  other  lines  was  purely  secondary.  Fortunately,  however,  the 
scientific  men  of  the  day  were  fully  alive  to  the  possibilities  otTen^d, 
and,  through  their  influence,  an  eflicient  corps  of  trained  observers  in 
various  lines  was  permitted  to  accompany  it.  Of  these  only  the  geolo- 
gist, J.  D.  Dana,  who  sailed  on  the  /hieock^  comes  within  the  mnge  of 
our  present  work,  though  incidental  reference  will  be  made  to  fl.  P. 
Couthouy,  who  sailed  on  the  Vlncennes,  Inasmuch,  however,  as  no 
tangible  results  from  the  expedition  were  made  .known  until  after  the 
return  of  Dana,  in  1841,  the  entire  matter  may  also  be  dismissed  here 
and  taken  up  again  under  the  latter  date. 
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In  March,  183(5,  sixteen  years  after  her  establishment  on  a  hiijisof 
independent  stati^hood,  the  lej^islatiire  of  Maine  authonzed  the  appoint- 
ment of  "'f^ome  suitable  person"  to  make  a  geological  survey  of  the 

State  ""as  soon  as  circumstances  will  pennit,^'  appro- 
ilKl2?"i83!r39f^  **'  priating  the  sum  of  $5,000  to  cover  expenses.^    On 

June  25  a  contract  was  entered  into  with  Dr.  C.  T. 
Jackson  for  the  carrying  out  of  the  same.     Jackson  seems  to  have 
entered  upon  his  duties  promptly  and  energetically,  makmg  his  first 
report,  a  volume  of  116  octavo  pages,  in  December,  1836.     This  was 
accompanied  by  an  atlas  of  24  plates.     His  results  were  apparently 
satisfactory  to  the  legislature,  the  appointment  being  renewed  the  fol- 
lowing year  and  $3,000  appropriated  for  expenses.     Under  this  appro- 
priation a  second  annual  report  of  168  octavo  pages  was  forthcoming. 
This  in  its  turn  was  seemingly  satisfactory,  for  the  geologist's  salary 
was  increased  from  $1,000  to  $1,5(X)  a  year,  while  the  sum  appropri- 
ated for  the  carrying  on  of  the  work  was  made  discretionary  with 
the  governor  and  council.      Under  such  favoring  conditions  it  is  not 
strange  perhaps  that  the  State  geologist  became  effusive  and  brought 
his  third  (and  last)  report  up  to  276  pages,  with  an  appendix  of  0^ 
pages,  containing  a  catalogue  of  the  (collections. 

These  reports,  examined  in  the  light  of  to-day,  contain  very  little 
which  would  be  considered  of  geological  importance.  Jackson  seems 
t<^  have  roamed  somewhat  at  random  over  the  State,  with  little  id*^a  of 
the  geological  structure  as  a  whole,  and  to  have  contented  himself  with 
making  detailed  notes  on  whatever  was  immediately  at  hand,  regard- 
less of  its  j)ossible  relationship  to  other  formations  at  a  distance  and 
with  an  eye  particularly  to  economic  (juestions. 

From  the  finding  of  marine  shells  at  Lubec  in  layers  of  clay  now 
some  twenty-six  feet  above  high- water  mark,  he  rightly  conjectured 
that  the  land  had  btn^i  elevated  that  amount  within  a  comparatively 
recent  period,  lie  regarded  the  sandstones  now  known  to  be  Devo- 
nian in  the  extreme  eastern  counties  as  identical  with  the  red  Trijissic 
sandstones  of  Nova  Scotia,  and  seriously  discussed  the  possibility  of 
their  containing  bituminous  coal.  The  slates  of  Piscatacjuis  County 
were  class(»d  as  transition,  and  the  possibility  of  their  carrying  anthra- 
cite coal  was  likewise  discussed. 

In  his  third  annual  leport  he  noted  the  occurrence  of  fossil  plants 
in  the  slates  of  Waterville  and  remarked  on  the  discovery  as  being  a 
strange  occurrence,  since  the  rocks  belong  to  the  older  Transition 
series.'' 


'^The  l€^^i^^latllre  of  Massachusi'tts  anthorize<l  State  cooperation  in  this  survey  ho  far 
as  it  relatt'd  to  certain  public  lands  which  were  the  joint  property  of  the  two  States. 

''  At  the  second  session  of  the  American  Association  of  (ieologists  in  Philadelpliia, 
1841,  Professor  ().  P.  Hubbard  exhibited  a  specimen  of  this  slate  and  was  able  to 
show  by  the  aid  of  *'  Murchison's  Silurian  system  "  that  they  were  not  plant  remains 
but  annelid  trails,  a  view  which  Jackson  accepted. 
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The  poHsibility  of  the  occurrence  of  beds  of  coal  at  Small  Point 
Ilart)or  near  Phippfsburg  wan  investigated.  As  a  result  it  was 
snnounif^  that  there  was  no  possilnlitv  of  such  !)eing  included  in  rock 
of  the  nature  there  found,  and  that  the  coal  sometimes  thrown  up  on  the 
beach  was  presumably  from  English  sources.  So  early  a  statement  of 
this  nature  is  intere.sting  in  view  of  l)orings  for*  coal  which  have  taken 
place  along  this  coast  within  a  verv  few  years. 

Jac*kson^8  views  on  the  glacial  deposits  were  naturally  crude.  The 
"horsebacks''  (ridges  of  glacial  gravel)  were  regarded  as  diluvial 
material  transported  by  a  mighty  current  of  water. 

It  ifl  £(appoi«e<l  that  this  rushing  of  wat^r  over  t)ie  lanci  took  place  during  the  last 
gnuid  deluge,  accounts  of  whicli  have  \yeen  handed  down  by  tradition  and  are  i)re- 
ttrved  in  the  archives  of  all  people.  Although  it  is  commonly  supposed  that  the 
deluge  was  intended  solely  for  the  punishment  of  the  corrupt  antediluvians,  it  is  not 
improbable  that  the  descendants  of  Noah  reap  many  advantages  from  its  influence, 
mice  the  various  soils  underwent  nKxIitications  and  admixtures  which  render  them 
better  a<laptc<l  for  the  wants  of  man.  May  not  the  hand  of  Benevolent  be  seen 
working  even  amid  the  waters  of  the  deluge? 

It  is,  perhaps,  doubtful  if  the  hard-tisted  occupant  of  many  of 
Maine's  rocky  farms  would  be  disposed  to  tiike  so  cheerful  a  view  of 
the  matter. 

However  Jackson's  work  may  impress  the  reader  of  to-day,  it  was 
con.sidered  by  a  reviewer  in  the  American  Journal  of  Si'ience  (XXXU, 
183T)  as  a  "model  of  its  kind.  It  has  certiiinly  not  been  surpassed  by 
any  similar  effort  in  this  country,'-  and  ''The  present  sketch  of  Maine 
is  a  masterly  production." 

In  1839  the  general  assembly  of  Rhode  Island  appropriated  the  sum 
of  ♦2,(XH>  to  pay  the  expenses  of  a  geological  and  agricultumi  survey 
of  the  State,  and  Doctor  Jackson,  fresh  from  his  work  in  Maine,  was 

plac^  in  charge  of  this  also,  making  his  report  the 
jKkioa's  Survey  of  following  year.  This  constituted  the  first,  last,  and 
Rhode laiud,  1839.   Q^|y  j^npyey  of  Rhodc  Island  carried  on  under  State 

auspices. 

Such  a  work  was  naturally  productive  of  little  of  importance,  and 
no  new  principles  whatever  were  evolved.  Aside  from  the  gathei'ing 
of  a  few  facts  of  possible  economic  value,  it  resulted  only  in  an  exten- 
sion of  knowledge  relative  to  the  distribution  of  certain  geologic 
groups.  This,  however,  was  a  feature  of  all  the  work  carried  on  by 
Jackson.  As  further  illustrating  the  condition  of  geological  know  I- 
edge,  the  report  is,  however,  worthy  of  consideration. 

In  his  introduction  he  remarked  on  the  attempt  on  the  part  of  some 
geologists  to  abandon  the  name  Transition  and  to  group  these  rocks 
with  the  Secondary,  according  to  the  original  schemes  of  Lehman,  and 
felt  that  a  numerical  division  would  doubtless  be  found  preferable  to 
any  of  the  fanciful  names  proposed  for  scmie  of  its  subdivisions. 
The  names  Cambrian  and  Silurian,  as    proposed    in   England,  he 
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thoiit^ht,  "'will  never  he  retarded  in  this  country  as  appropriate  tenns 
for  our  rocks."     He  recognized  the  existence  of  contac^t  phenomena, 
and  also  that  the  degree  of  crystallization  and  general  structuml  fea- 
tures of  an  igneous  rock  are  dependent  upon  conditions  of  cooling, 
though  he  regarded  pumice  as  l>eing  formed  when  the  fused  rock, 
under  little  pressure,  was  brought  in  contact  with  water.     The  pos- 
sibility of  the  cellular  structure  being  due  to  expansion  of  vapor 
of  water  in  the  lava  itself  was  not  recognized.     The  hornblende  rock, 
so  extensively  developed  in  Cumberland,  Smithfield,  and  Johnston,  he 
regarded  as  of  igneous  origin,  and  suggested  that  its  apparent  strati- 
form structure  might  be  due  to  an  admixture  of  the  argillaceous  slate 
through  which  it  was  elevated. 

The  eruptive  nature  of  the  Cumberland  iron  ore  was  also  recognized, 
though  naturally  the  fact  that  the  rock  was  an  iron-rich  peridotite 
partially  altered  into  serpentine,  as  later  described  by  Wadsworth, 
was  overlooked. 

The  origin  of  the  drift  was  to  him  still  obscure.  Concerning  the 
distri!)ution  in  the  form  of  bowlders  of  the  iron  ore  to  the  southward, 
above  mentioned,  he  wrote: 

There  can  not  remain  a  doubt  that  a  violent  current  of  water  has  nished  over  the 
surface  of  the  State  since  the  elevation  and  consoHdation  of  all  the  rocks  and  subse- 
quent to  the  deposition  of  the  tertiary  clay,  and  that  this  current  came  from  the 
north.  *  *  *  Ui)on  the  surfac-e  of  solid  ledges,  wherever  they  have  lieen  recently 
uncovered  of  their  soil,  scnitches  are  seen  runninj^  north  and  south  and  the  hard 
rocks  are  more  or  less  polished  by  the  currents  of  water  which  at  the  ililuvial  epoi'h 
coursefl  over  their  surfaces,  carryinji:  alonj^  the  pebbles  and  sand  which  effected  this 
abrasion,  leaving'  stri;e,  all  of  which  run  north  and  south,  deviating  a  few  degn»es 
occasi(mally  with  the  changes  of  direction  given  to  the  current  by  obstacles  in  its 
way. 

He  did  not  accept  the  theory  of  drifting  icebergs,  ''nor  can  we 
allow  that  any  glaciers  could  have  produc(»d  them  by  their  loads  of 
sliding  rocks,  for  in  tlmt  case  they  should  radiate  from  the  mountains 
instead  of  following  a  uniform  course  along  hillsides  and  through 
vallevs." 

The  report  was  accompanied  by  six  plates  of  Coal-Measure  fossils 
and  a  geological  map. 

(leological  work  in  Delaware  at  the  expense  of  the  State  began  and 
en(l(»d  with  the  survey  by  J.  C.  Booth,  a  chemist,  during  1887-8S. 
Incidentally,  it  may  be  remarked  that  Mr.  Booth's  career  as  a  geolo- 

irist  was  eciuallv  prescribed. 

Booth's  Survey  .  .     *  . 

of  Delaware.  A  uni(|U(*  feature  of  the  act  establishing  the  survev 

1837-38  c3  . 

was  the  reiiuirement  that  an  equal  portion  of  the 
appropriation  shouKl  Ik*  expended  in  each  county,  regardless  of  exist- 
ing conditions.  The  clause  was  presumably  inserted  to  allay  local 
jealousies,  but  tlie  absurdity  of  the  same  is,  nevertheless,  so  great  as 
to  leave  no  room  for  connnent.     In  th(»  report,  which  appeared  in  the 
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/onii  of  an  octavo  volaine  of  188  p&gva  in  1841,  the  geologiciil  fonim- 
tiouMof  the  State  were  divided  into  (1)  Primary,  (2)  Upjier  tHWitidary, 
(3)  Tertiary,  and  (4)  Uecent.     The  geogmphicul  distrilmtioii  and  litho- 
i    logical  character  of  each  was  given  in  detail.     The  Priiiiurv  included 
■    gneiss,  fcldspathean  rocks  (traps),  limestone,  serpentine,  and  gnmite; 
r     (he  Upper  Secondary,  the  Red  Clay  Formation  and  the  Green  Sand 
Formation.     The  Tertiary  he  divided  into 
the  iiortheni  Tertiary,  the  southern  Terti- 
ary,  the  yellow-clay  formation   of   Appo- 
iguiniraiuk  Hundred,  and  the  intermediate 
clays  sn<l  sands.     The  Recent  Formations 
were  divided  into  the  lower  <^lavs,  the  npjMsr 
sands,  and   the   river  deposits.     Attention 
wa^  given  to  the  Greenaand  and  to  other 
<|iie!4tions  of  economic  interest. 

The  report  as  a  whole  represents  the 
patient  attempt  of  a  man  unversed  in  the 
broader  problems  of  geologj'  who  wrote 
down   only  what   he  saw  and   thouglit   he 

understood.  His  remarks  on  the  weather-  '•■■■  ■"■—^•'••••-•^ ••••'•■•  '••-•••■ 
ing  of  rocks  are  perhaps  the  most  striking.  Tlie  entire  co.-'l  <if  tliiw 
sur\-ey  to  the  State  was  $3,0()0,  of  which  sum  Il<H»th  received  i'l.iHH) 
for  hLs  two  years'  work,  the  remainder  going  to  defray  cost  of  publi- 
cation of  the  report  and  various  incidentals. 

In  1837  there  was  organized  the  tirst  State  geological  survey  of 
Indiana,  Dr.  D.  D.  Owen,  who  had  served  as  an  a-ssl-itant  on  the  survi\v  of 
Tennessee  underGerard  Troost,  being  appointed  Stat*"  geologist.     The 
ow«'  ''^^  °^  ^^^  survey  was  limited  to  two  yeai-s,  and  two 

SmtyottiMamt,     reports  were  rendered,  one  of  'A-i  imges.  benring  date 
of  1838,  and  one  of  54  pages,  bearing  date  of  1S3!I." 
The  essential  similarity  of  the  formations  of  Indiana  with  tho!<e  of 
Ohio   was   recognized.     The  lowest  lying,  oldest   rock,  called   blue 
limestone,*  which  he  regarded  a."  the  equivalent  of  the  Lower  Silu- 
rian )ime.stones  of  Europe,  wbjs  described  ns  forming,  near  the  eom- 
I     mon  boundary  line  between  Indiana  and  Ohio,  a  kind  of  1>a<'k)>one 
which  dipped  gently  in  east  and  west  directions,  giiidually  disappear- 
ing in  both  States  beneath  a  series  of  overlapping  stnitti  wbii-h.  with 
one  exception,  have  uniform  characteristics.      Here  for  tlie  second 
time  (see  p.  833)  is  recognized  the  presence  of  tlic  low  swell  known 
litter  as  the  Cincinnati  anticline  or  uplift,  which  was  Kul)sc<[nently 
identifie<l  by  Newl»erry  and  Satford  as  a  Middle  Siluri:in  emergence. 
This  blue  limestone  v/tu*  overlain  by  another  liincstouo.  rcgnnled  as  the 

"  KeprintH  of  these  appeared  iindor  ritth!  i>f  IS.^!i, 

*ThiB  is  the  equiv^eat  of  tlie  Cim-Jniiatian  ilivicum  ..(  \\u-   \jn\-vr  Siliirim.  ■•( 
recent  writetB. 
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equh'alentof  the  Cliif  rock  (Niagaran)  of  Doctor  Locke;  this,  in  itw  turn, 
by  a  series  of  black  slates,  the  equivalent  of  the  Waverl}'  sandhtoiie.s 
of  Ohio,  and  this  in  turn  by  a  series  of  limestones  in  part  oolitic  and 
the  equivalent  of  the  Ohio  conglomei*ate.  This  last,  ininiediateh^  upon 
which  the  coal  formation  rests  at  Oil  Creek,  in  Perry  County,  ho  con- 
sidered the  uppermost  member  of  a  new  series,  to  which  he  applied 
the  name  sub-Carboniferous,  "as  indicating  its  position  immediately 
beneath  the  coal  or  Carboniferous  group  of  Indiana,"  and  ''which 
merely  indicates  its  position  beneath  the  Carboniferous  group  without 
involving  any  theory." 

Immediately  overlying  this  sub-Carboniferous  limestone  was  his 
bituminous  coal  formation,  the  latest  and  youngest  of  the  series  with 
the  exception  of  the  diluvium.  He  regarded  the  bituminous  coai  for- 
mation as  a  part  of  a  great  coal  field  which  included  nearly  the  whole 
of  Iowa  and  Illinois  and  eight  or  Um  counties  in  the  northwestern  part 
of  Kentucky,  and  recognized  the  improbability  of  anthracite  coal  being 
found  within  the  limits  of  the  State. 

He  recognized  the  importance  of  fossils  in  geological  correlation 
and,  through  the  presence  of  the  characteristic  forms  pentreinlUi<  >»Md 
archimrdii^^  correctly  referred  the  oolitic  rock  to  the  sub-Carbonifer- 
ous, notwithstanding  its  dose  lithological  resemblance  to  the  Jurassic 
oolites  of  England  and  the  European  (continent.'' 

David  Dale  Owen  was  a  son  of  Ro})ert  Owen,  the  well-known  phil- 
anthropist and  founder  of  the  conununistic  societies  at  New  Lanark, 
Scotland,  and  New  Harmony,  Indiana.     He  first  came  to  Amcuica  in 

1828,  but  ill  1831  returned  to  P^urope,  in  company 
D!^D?Oweii.  ^^\\h  Prof.  H.  D.  Rogers,  for  the  purpose  of  qualify- 

ing himself  in  chemistry  and  geology.  Returning  to 
America  in  1832,  he  studied  medicine  at  the  Ohio  M(»dical  College  in 
Cincinnati,  from  whence  he  graduated  in  1836. 

His  earliest  geological  work  was  done  in  connection  with  Dr.  Genird 
Troost  in  Tennessee,  and  his  earliest  indi^pendent  work  that  which  has 
just  been  mentioned.  Subsequently  he  made  surveys  under  the  Tnited 
States  General  Land  Oflice,  in  which  work  he  showed  administrative 
abilitv  of  no  ordinary  kind.  Indeed,  the  ortnmization  and  carrvin^j  out 
of  the  plan  for  a  survey  of  the  mineral  lands  of  Iowa,  Minnesota,  and 
Wisconsin  (in  lS31»-4())  within  the  short  space  of  time  and  under  the 
conditions  ini])()sed  by  Cong^(^•<s  was  a  feat  of  generalship  which  has 
never  Ikhmi  tvjualh'd  in  American  geological  history. 

« There  are  in  iiienms  references  in  the  reports  of  IS.SH  and  18.S9  U)  s«»eti<^ns  an<l  a 
ger>loj:ieal  map  Avliieh,  linwever,  were  apparently  never  puhlislied.  In  a  partial 
n'print  heaiin^  <late  of  18.'>*»  entitled  'M 'ontinnation  of  Heport  of  tlie  (ieoloirieal 
UeeonnaisjJiinee  of  the  State  of  Indiana/'  made  in  is:»s,  where  refenMiee  is  a^aiii 
made  to  this  map,  occurs  the  follo\vin«r  footnote:  "The  oriL'inal  geological  map  liero 
refernMl  to  was  de]M>sited  in  the  State  lihrary  hnt  has  not  W^w  juiblished.'* 


David  Dale  Owen. 


Sturwina  the  rtl/rUrtU 
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His  life  was  one  of  unceasing  activity  and  furnished  one  more  illus- 
tration of  the  energy,  persistence,  and  virility  of  the  Scotch  emigrants 
and  their  de»soendants  in  America.  He  is  described  as  a  man  of  amia- 
bility, simplicit}',  and  integrity  of  purpose,  and  certainly  was  an  artist 
of  no  inconsiderable  ability,  as  is  exemplified  by  the  sketches  in  his 
numerous  reports.     The  geological  sections  given  by  him  in  the  report 

(on  the  Chippewa  land  district  have  never  been  equalled  for  picturesque 
effect  (see  Plate  19). 
To  properly  appreciate  much  that  is  to  follow,  it  must  l>e  remem- 
)i)erpd  that,  l)eginning  with  1807,  all  Government  lands  containing  ores 
were  reserved  from  sale  and  a  system  of  leasing  adopted.  No  leases 
I    D.D.  Owen's  wcrc,  howevcr,  issued  until   1822,  and  little  mining 

I  ^SS^aVwSa*  was  done  previous  to  1826.  For  a  few  years,  accord- 
1  OHaoto,  1839-40.  jj^g  ^^  Whitney,  rents  for  the  mining  lands  were  paid 
f  by  the  operators  with  comparative  regularity,  but  after  1834,  in  con- 
se<juence  of  the  innumerable  fraudulent  entries  of  lands  as  agricultural 
which  should,  in  reality,  have  been  reserved  as  mineral,  the  smeltei's 
and  miners  refused  to  make  any  further  payments,  and  the  United 
States  officers  were  entirely  unable  to  enforce  the  claims  of  the  Gov- 
ernment. 

In  consequence  of  the.se  difficulties  a  resolution  was  adopted  in  the 
House  of  Representatives,  on  the  (ith  of  February,  183Ji — 

That  the  President  of  the  United  States  l)e  rtMiuested  to  caii.se  to  l)e  prepared,  and 
pr».'pente<i  to  the  next  Congress  at  an  early  day,  a  plan  for  i\\v  nale  of  tlie  public 
mineral  lands,  having  reference  an  well  to  the  amount  of  revenue  to  be  derive<l  fn>m 
them  an<l  their  value  as  public  property  as  to  the  e<iuita})le  claims  of  individualn 
aprm  tht^m;  and  that  he  at  the  same  time  communicate  to  Congress  all  the  infoniiu- 
tion  in  possession  of  the  Treasury  Department  relative  to  their  location,  value, 
pniMlutrtiveness,  and  occupancy;  and  that  he  cause  such  hirther  information  to  l)e 
collei*te<l  and  surveys  to  be  made  as  may  be  necessary  for  these  puri)f>ses. 

In  accordance  with  this  act  Doctor  Owen  was  appointed  ( jrovern- 
uient  geologist  under  direction  of  the  General  Land  Office  (James 
Whitcomb,  Commissioner)  to  make  surveys  in  Iowa,  Wiscotisin,  and 
northern  Illinois.  His  first  report,  bearing  date  of  April  2,  1840,  was 
printed  to  form  House  Document  Mo.  289,  of  the  First  session  of  the 
Twenty-sixth  Congress."  It  comprised,  all  told,  161  printed  octavo 
pages,  with  26  plates  and  maps,  including  a  colored  geological  maj) 
and  several  colored  sections.  Fourteen  of  the  plates  were  from 
Owen's  own  drawings.  The  district  explored  comprised  an  area  of 
aix>ut  11,000  square  miles  lying  in  equal  portions  on  both  sidc^s  of  the 
Mississippi  River,  between  latitude  41'^  and  43'-^,  beginning  at  the 
north  of  Rock  River  and  extending  thence  north  upward  of  100 
miles  to  the  Wisconsin  River.     (See  fig.  45.) 

«A  reprint  or  second  edition  of  the  work  was  brought  out  in  form  of  SeiiaU*  1)<k*- 
oment  No.  407,  28th  Congrees,  1844. 
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Doctor  Owen's  commission  reached  him  at  New  Harmony,  Indiana, 
on  August  17,  1889,  and  its  acceptance  demanded  that  he  explore  ''all 
the  land  in  the  Mineral  Point  and  Galena  districts  which  are  situated 
south  of  the  Wisconsin  and  north  of  the  Rock  rivers,  and  west  of  the 
line  dividing  i-anges  8  and  9  east  of  the  fourth  principal  meridian; 
together  with  all  the  surveyed  lands  in  the  Dubuque  district,'"  and 
complete  his  work  before  the  approaching  winter  should  set  in.  Con- 
c^.rning  these  somewhat  remarkable  conditions,  Owen  writes: 

After  duly  weighing  the  nature  of  niy  instnictions,  estimating  the  extent  of  coun- 
tr\'  to  be  examined,  considering  the  wild,  unsettUnl  character  of  a  portion  of  it,  and 
the  Hcanty  a<.Tommodations  it  could  afford  to  a  numerous  party  (which  rendered 
necessary  a  carefully  calculate<i  system  of  pur\'eyance),  and  ascertaining  that  the 
winter,  in  that  northern  region,  commonly  sets  in  with  severity  from  the  10th  to  the 
middle  of  November,  my  first  impression  was  that  the  duty  required  of  me  was 
impracticable  of  completion  within  the  given  time,  even  with  the  liberal  pi'rmission 
in  regard  to  force  acconled  to  me  in  my  instructions.  But  on  a  more  careful  review 
of  the  means  thus  j)lace<l  at  my  disposal,  I  finally  arrived  at  the  conclusion  that  by 
using  diligent  exertion,  assuming  much  responsibility,  and  incurring  an  expense 
which  I  was  aware  the  Department  might  possibly  not  have  anticipate*!,  I  might,  in 
strict  a(*cordance  with  my  instnictions,  if  favored  by  the  weather  and  in  other 
re8i)ects,  succeed  in  completing  the  exploration  in  the  required  time. 

I  therefore  immediately  commenced  engaging  subagents  and  assistants  and  pro- 
ceeded to  St.  Louis.  There  (at  my  own  expense,  to  be  repaid  to  me  out  of  the  per 
diem  of  the  men  employed)  I  laid  in  about  $3,000  worth  of  provisions  and  camp  fur- 
niture, including  tents,  wliich  I  caused  to  be  made  for  the  acconmiodation  of  the 
whole  ex{)editioii;  and  in  one  month  from  the  day  on  which  I  received  my  commis- 
sion and  instnu'ticms  in  Indiana  (to  wit,  on  the  17th  of  Si»pteml>er)  I  had  reached 
the  mouth  of  Rock  River;  engaged  one  hundred  and  thirty-nine  subagents  and  assist- 
ants; instnicted  my  subagont'j  in  such  elementary  principles  of  geology  as  were  neces- 
sary to  the  ]>erforniancc  of  the  duties  reiiuiretl  of  them;  supplied  them  with  simple 
mineralogicul  tests,  witli  the  application  of  which  they  were  made  acciuainted;  organ- 
ized twenty-four  working  corj)s,  furnished  each  with  skeleton  mai)sof  the  townshij^s 
assigned  to  them  lor  examination,  and  j>lace<l  the  whole  at  the  jxunts  where  their 
labors  conimence<l,  all  along  the  southern  line  of  tlie  western  half  of  the  territory  to 
be  exainine<l.  Thence  the  exj>edition  procee<ie<l  northward,  each  corps  Ijeing 
riMjuircil,  on  the  average,  to  overrun  and  examine  thirty  quarter  stH'tions  daily,  and 
to  rep<^)rt  to  mysi^lf  on  fixe<l  days  at  regularly  apix^nteil  stations;  to  receive  which 
reports,  and  to  examine  the  country  in  person,  I  crossed  the  district  under  examin- 
ation, in  an  o]>lique  <lirection,  eleven  times  in  the  course  of  the  survey.  Where 
a]>pearances  of  ]»articular  interest  presented  themselves,  I  either  diverge<l  from  my 
route,  in  onler  to  lH»stow  njwn  these  a  more  minute  and  thorough  examination;  or, 
when  time  did  not  i)ermit  tliis,  I  instructed  Dr.  John  I»cke,  of  Cincinnati  (formerly 
of  the  geological  corps  of  Ohio,  an<l  at  present  professor  of  che^mistry  in  the  m«  iVwn} 
college  of  Ohio),  whose  valuable  services  I  had  l)een  fortunate  enough  to  engage  on 
tliis  «'xj)edition,  to  insiK'ct  these  in  my  stead. 

By  the  24th  of  October  the  exploration  of  the  Dubuque  district  was  completKl,and 
the  special  reports  of  all  the  townships  therein  were  dispjitched  to  your  otlice  and  to 
tlie  ofiicf  of  the  regist^T  at  Dnbucjue.  On  tlie  14th  of  Nt ►  vend )er  the  survey  of  the 
Mineral  Point  district  was  in  a  similar  manner  bnuiglit  to  a  clos(\  and  by  the  24th 
of  NovendKT  our  labors  finally  terminated  at  Stcphenscm,  in  Illinois,  tlie  examina- 
tions of  all  the  lands  comprehendtMl  in  my  instructions  having  been  complete<l  in 
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two  months  and  six  days  from  the  date  of  our  mutual  coiiiinenceinent  in  tlie  field. 
Also  several  thousand  specimens — some  of  rare  beauty  and  interest — were  (H)lleote<l, 
amngedf  and  labeled. 

The  immediate  result  of  this  examination  was  to  esUiblish  the*  fjict 
:4c  I  **tbat  the  district  surveyed  is  one  of  the  richest  niineml  regions,  coni- 
uli  pared  to  extent,  yet  known  in  the  world."  The  area  marked  off  as 
*^t  including  the  productive  lead  region,  as  shown  by  his  map,  lay  mainly 
in  Wisconsin,  but  comprised  also  a  strip  of  alx)ut  eight  t/ownshij^s  on 
the  Iowa  side  of  the  river  and  about  ten  townships  in  the  northwest 
corner  of  Illinois,  the  ore-bearing  stmta  being  limited  to  a  heavy- 
bedded  magnesian  limestone  which,  on  account  of  its  chaiacteiistic 
tendency  to  form  perpendicular  cliffs  when  subjected  to  weath(»ring 
and  erosion,  he  called  the  CI ijf^  limestone.  This,  he  thought,  from  its 
fossil  remains,  to  be  the  equivalent  of  the  l^pi)er  Silurian,  and  perhaps 
a  part  of  the  Lower  Silurian  of  Murchison.  Though  sparingly  devel- 
oped in  the  east,  this,  according  to  Owen,  '' swells  in  the  Wisconsin 
lead  region  into  the  most  remarkable,  most  important,  and  most  bulky 
member  of  the  group.  It  becomes,  as  it  were,  the  Aaron's  rod,  swal- 
lowing up  all  the  rest,"  and  attaining  a  thickness  of  upward  of  50() 
feet.« 

Owen^s  principal  assistants  were   Dr.  John    Locke,  who  reported 
mainly  on  the  barometrical  observations,  with  particular  reference  to 
the  measurement  of  altitudes  and  the  making  of  geological  sections, 
and  a  Mr.  E.  Phillips,  who  reported  on  the  timl)er,  soil,  and  })ro 
ductiveness  of  the  region. 

On  April  18,  1838,  Abmham  Gesner,  whose  work  in  Nova  Scotia 
we  have  already  referred  to  (p.  38(1),  was  a})pointe(l  provincial  geologist 
of  New  Brunswick,  a  position  he  continued  to  hold  until   IS43,  mak- 
ing during  this  time  live  brief  reports,  comprising 


NcwBnowwick,       altogether  but  440  pages.     A  partial  geologic4il  map 

was  prepared,  but  never  published.  A  considerable 
portion  of  the  reports  was  given  up  to  a  discussion  of  economic  mat- 
ters, particularly  the  coal  l)eds,  the  value  of  which,  as  noted  later,  he 
<|uite  overestimated.  The  first  four  reports  deal  largely  with  that 
portion  of  the  province  south  of  the  Miramichi,  Nashwmik,  and  St. 
John^s  rivers.  The  fifth  and  last  (1843)  describes  the  country  of  the 
upp(?r  St.  John  and  that  between  the  headwaters  of  thc^  Tobiijue  and 
Ristigouche  rivers. 

A  gradual  advance  is  to  be  noted,  particularly  where  (iesner  in  his 
second  report  subdivided  his  gray  wacke,  which  he  thought  comparable 

«To  James  Hall's  proposition  to  BubHtitnte  the  name  Ximjarn  for  rV///*,  Owrn 
obj<»cted,  claiming  that  the  Niagam,  as  known  in  the  oast,  roi>n*sontiMl  only  ii  part 
of  the  formation  he  was  descriVnng.  In  this  last  he  was  (vrt^iinly  riglit,  more  n»cent 
work  having  shown  that  his  Cliff  linuestone  inchKlod  also  heds  iK'longin^  to  what  is 
now  known  as  the  Trenton  period  of  the  J^ower  Silurian. 
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with  Murchi.son's  Silurian,  into  upper  and  lower  meinl>er8,  of  which 
the  upper  contained  a  fossil  mollusk  which  he  identified  as  a  tcrebrat- 
ulite,  and  which  Dr.  G.  F.  Matthew"  thinks  to  have  l)een  probably 
a  somewhat  poorly  preserved  OrthiH  bilUnijsL      He   also   reported 
the  finding  of  remains  of  conifers,  calamites,  and  a  cactus  (?),  the  last 
being  regarded  by  Matthew  its  some  form  imitative  of  a  stigmaria* 
Though  the  full  .significance  of  these  fossil  remains  was  not  appre- 
ciated by  (xesner,  yet  he  nmst  be  regarded  as  a  pioneer  in  making 
known  the  flora  of  both  the  Cambrian  and  Carboniferous  beds  in  New 
Brunswick. 

In  his  fourth  report  he  classed  this  graywacke  with  Sedgwick's 
Cambrian.     About  this  time  (1842)  he  seems  to  have  become  acquainted 
with  Agassiz's  glacial  theories  and  referred  to  the  expreiised  opinions 
of  Lyell  and  Buckland  with  reference  thereto,  but  thought  that  "the 
general  occurrence  of  diluvial  grooves  and  scratches  upon  the  sur- 
faces of  the  rocks     *     *     *     can  not  in  general  be  explained  unless 
by  admitting  that  a  great  current  of  water  has  passed  over  the  coun- 
try from  the  north  toward  the  south,"  though  "it  appears  that  ancient 
glaciers  have  had  a  powerful  influence  in  the  accumulation  of  those 
parallel  mounds  of  erratic  sand  and  gravel  observed  in  different  parts 
of  these  provinces,  and  likewise  they  may  have  been  the  means  whereby 
bowlders  of  granite  and  other  rocks  have  been  scattered  over  the 
country." 

In  this,  liis  fifth  report,  he  gave  a  general  description  of  the  coal 
fields  of  the  province,  which  he  estimated  as  embracitig  an  area  of 
8,700  square  miles,  or  nearly  one-third  the  entire  area  of  New  Bruns- 
wick, making  it  one  of  the  largest  in  the  world.  Through  the  influ- 
ence of  these  reports  a  great  deal  of  interest  was  excited  in  the  publii- 
mind  concterning  the  uiiniMal  wealth  of  the  ])rovince.  A  large  nuni})er 
of  mining  adventures  avcm-c  undertjiken  with  the  expectation  of  inune- 
diate  and  favorable  returns.  Few  of  these  were,  however,  successful, 
and  the  reaction  in  public  feeling  tended  to  throw  discredit  on  (tcs- 
ner\s  Avork  and  proi)ably  was  influential  in  terminating  his  engage- 
ment, the  survey  being  ])rought  to  an  abrupt  conclusion  in  1848. 

The  problem  of  the  Tertiary  deposits  of  the  southern  Atlantic 
States,  which  up  to  date  had  been  touched  upon  in  a  scientific  manner 
only   by    Finch,    Morton,   Vanuxem,   and    Lea,   was  again,   in    1S3J^ 

taken  up  l)y  T.  A.  Conrad.  In  the  journal  of  the 
on  the  Tertiary,        Philadelphia  Acadcuiv  of  Sciences  for  this  year  Con - 

1839.  *     .  . 

rad  divscribed  the  Tertiary  of  Maryland  as  occupying 
all  the  tract  south  of  an  irregular  line  running  from  the  vicinity  of 
Baltimore  to  Washington,  the  l\)totnac  being  the  western  and  the 
Chesapeake*  the  eastern  boundary.     The  deposit  in  th(»  vicinity  of  Fort 

"  Bulletin  15,  Natural  History  Society  of  New  IVrunHwick,  1S97. 
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^^  Washington  on  the  Potomac,  be  suggesttxl,  wiis  prolmbh'  conteiiipo- 
nineous  with  the  I^)n(ion  clav,  i.  e.  EoctMie. 

The  cause  of  the  change  in  the  character  of  anunal  life  between  rocks 
belonging  to  the  different  animal  horizons,  was  regarded  by  tJonrnd  as 
due  to  climatic  changes.  '"Periodical  refrigeration  alone  can  explain 
the  sudden  extinction  of  whole  rac(»s  of  animals  and  vegetables/" 

It  is  well  to  note  that  in  his  (ieological  Re|x)rt  for  the  State  of  New 
York,  Conrad  recognized  the  fact  that  in  the  earlier  eras  of  our  planet 
the  temperature  was  uniform  and  the  seas  companitively  shallow. 
Hence,  he  thought,  in  the  older  rocks  we  should  expect  to  find  organic 
remains  belonging  to  one  group  of  species  over  the  whole  globe. 
Deep  erosion  and  greater  variation  of  temperature  had  caused  more 
uncertainty  in  the  Upper  Tertiary  formations. 

In  c-onnection  with  Conrad's  work,  it  may  not  be  out  of  place  to  note 
that  Prof.  J.  L.  Riddell  this  same  year  described  the  surface  geology 
of  Trinity  County,  Texas,  and,  basing  his  determinations  mainly  on 
the  lieds  of  lignite  there  found,  put  down  the  prevailing  sandstone 
as  Tertiary. 

Incidentally,  also,  it  may  be  noted  that  during  1840  Mr.  rlames  T. 
Hodge  made  a  trip  through  the  eastern  }>ortion  of  the  southern  Atlan- 
tic States  and  made  extensive  collections  of  fossils,  which  were  turned 
over  to  Conrad  for  identification.  Hodge's  notes,  as  published  in  the 
Transa<*tions  of  the  Association  of  American  Geologists,  contain  little 
of  geological  value,  but  the  list  of  fossils  comprised  some  1»^4  species,  of 
which  82  were  then  new  to  science.     All  were  of  Tertiary  age. 

Conrad  was  born  in  Philadelphia  in  1808,  and  from  early  youth 
showed  a  decided  taste  for  natural-history  studies,  though  for  a  time 
following  the  calling  of  his  father     that  of  a  publisher  and  printer. 

The  work  noted  on  page  300  was  his  second  of  geolog- 
skctciiof Conrad.      ical  importance,  and  was  preceded  also  in  1881  by  a 

paper  on  American  marine  conchology.  Of  his  subse- 
quent w^ritingson  conchology,  paleontology,  or  general  geology  upward 
of  twenty  related  to  the  Tertiary,  and  it  is  upon  these  that  his  fame  as  a 
geologist  chiefly  re.sts,  though  in  addition  he  described  the  fossils  col- 
lected b}"  the  Wilkes  exploring  expedition,  by  Lieutt*nant  Lynch's 
expedition  to  the  Dead  Sea,  l)y  the  Mexican  boundary  survey  under 
Lieutenant  Emery,  and  was  tirst  geologist  and  then  i)al(;ontol()gist 
to  the  New  York  State  survev. 
Personally  Conrad  was  peculiar. 

He  wrote  hiH  letters  and  lal)elH  frequently  on  all  sortw  of  scraps  of  paj>er,  ^^fnerall y 
without  date  or  location.  He  was  naturally  careU'ss  or  unmothodiral,  and  his  cita- 
tions of  <  it  her  authors*  works  can  not  l»e  safolv  trusted  without  verilicatioii.  and  are 
usually  incomplete.  He  had  a  very  j>oor  memory,  and  on  s(»venil  occasions  has 
rwlescrribed  his  own  species.  This  defect  increiist^d  with  a«re.  and,  while  no  <[nestinn 
"f  willful  misstatement  need  aris<*,  ma<h'  it  impossible  to  place  implicit  confidence  in 
his  own  reooUectious  of  such  matters  as  dates  <»f  publication.     ( Dall. ) 
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He  himself  says,  in  a  characteristic  letter  to.  F.  B.  Meek,  written 
July,  18()3: 

I  jfo  on  Monday  to  helj)  H.  ferret  out  my  skulking  species  of  paleozoic  shells. 
May  the  reconiing  angel  help  me.  God  and  I  knew  them  once,  and  the  Almighty 
may  know  still.     A  man's  memory  is  no  part  of  his  soul. 

Conrad  wa.s  bitterly  opposed  to  the  doctrine  of  evolution,  and  pre- 
dicted that  Darwin's  wild  speculations  would  soon  be  forgotten.  Every 
geological  age  came,  according  to  him,  to  a  complete  close,  and  the  life 
of  the  succeeding  one  wiis  a  wholly  new  creation.  His  feeling  on  this 
subject  is  well  shown  in  a  letter,  also  to  Meek,  dated  February,  1869, 
where  he  says: 

I  sent  you  to-<^lay  a  copy  of  my  paper  in  Kerr's  geological  report.  I  perceive  by 
Cope,  Martin,  and  Hayden's  researches  that  they  have  not  found  that  phantom  of 
the  imagination,  a  formation  hetween  chalk  and  Eocene.  The  worl<i  has  been  go 
thoroughly  harrie<l  by  despairing  development  philosophers  with  so  little  result  that 
they  may  as  well  say  the  **game  is  up,"  and  not  speculate  on  lost  formations  lying 
at  the  bottom  of  the  ocean,  a  desperate  expedient  to  save  genetic  succession.  It  is 
strange  that  gtnjlogists  can  not  recognize  an  Azoic  era  after  the  chalk.  I  consider,  in 
the  light  of  paleontology,  the  advent  of  one  only  form  of  life  in  the  beginning  to  be 
al)suni.  The  history  of  Lingula  ought  to  teach  us  the  i>ermanence  of  certain  forms 
of  life  from' the  beginning,  while  thousands  of  others  were  created  and  died  out. 

Poor  in  health,  given  to  melancholy  and  low  spirits,  he  furnished 
to  American  geological  history  that  which  has  a  counterpart  only  in 
Percival,  and  like  Percival,  it  may  })e  added,  he  was  sometimes  given 
to  rliyming,  though  unlike  Percival,  h(^.  was  slovenly  and  careless  in 
liis  work  to  a  point  )>eyond  endurance. 

His  melancholy  increased  with  age,  and  freciuent  ill  health  caused 
him  at  times  to  lose  interest  in  everv  undertnking. 

A  periixl  of  moping  would  usually  end  in  his  writing  some  verses  which  uoImmIv 
would  praise,  and  this  seeine<l  sufiiciently  to  nettle  him,  to  rouse  him  thon)ughly, 
and  he  would  become  again  enthusiastic  in  the  matter  of  shells  and  fossils. 

It  was  presumaV)ly  during  one  of  these  moping  periods  that  he 
wrote  again  to  Meek  under  date  of  Octoi)er  24,  1864,  as  follows: 

1  am  troubled  with  the  cui  l>ono  malady,  and  fre<|uently  wish  to  Ix^  under  the 
"clods  of  the  vallev."  The  idea  of  suicide  haunts  me  continuallv,  antl  I  wish  to 
get  to  work  to  banish  the  horrors,  but  whatever  side  I  look  at  work  it  brings 
expenses  I  think  1  would  regret.  Singular  inconsistencies  of  man.  I  don't  expiH't 
to  live  much  longer,  yet  shrink  from  exj>enses,  but  such  is  the  hard  mental  twist 
that  early  i)Overty  gives  the  min<l.  My  blues  have  l)een  ccmsiderably  increase<l  by 
the  death  of  Doctor  Moore,''  who  I  loved  UK^re  than  most  other  men,  and  by  the 
death  of  my  nearest  and  dearest  si.^^ter  with  whom  1  live<l  in  Trenton.  Now  I  must 
plunge  into  the  marl  beds  to  keej)  uj>  a  little  time  longer  and  hope  to  finish  the 
Miocene  ligures  ])i'fore  I  go  where  no  dreams  of  new  discoveries  will  haunt  me. 
Excuse  this  egotism;  it  is  the  last  of  it;  but  you  now  si'c  why  J  do  so  litye.  Only 
one  thing  nMuains.  I  don't  suppos<'  you  feel  the  want  of  a  home,  but  1  have  felt  it 
all  my  lite,  and  the  dreams  of  an  l^geria  have  overtoj)ped  the  divams  of  science,  so 

"Dr.  W.  1).  Moore,  of  the  I'niversity  of  Mississippi. 
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that  in  the  midst  of  geological  purnuits  a  horrid  vacancy  haa  yawned  in  my  heart, 
tnd  a  grinning  devil  laughed  over  a  <irawer  of  fossil  shells.  A  small  Ilamlet  in 
science,  I  grow  old  and  reform  not. 

CoDrad,  though  primarily  a  paleontologist,  was  sometimes  drawn 
oat  of  his  chosen  field  b}'  phenomena  too  obvious  to  Ije  overlooked, 
aod  concerning  the  nature  of  which  little  was  actually  known,  even  b}' 

the  best  authorities.  The  occurrence  of  enormous 
SiTDrift/fSS.*'  bowlders  in  the  drift  and  resting  often  upon  uncon- 
solidated sand  and  gravel,  naturally  called  for  an 
explanation.  That  such  could  not  have  been  brought  into  their  present 
position  through  floods  was  to  him  obvious,  neither  could  they  have 
been  floated  by  ice  floes  from  the  north  during  a  period  of  terrestrial 
depression. 

He  assumed,  rather,  that  the  country,  previous  to  what  is  now 
known  as  the  glacial  epoch,  was  covered  witli  enormous  lakes,  and 
that  a  change  in  climate  en.sued,  causing  them  to  become  frozen 
and  converted  into  immense  glaciers.  At  the  same  time,  elevatiotis 
and  depressions  of  the  earth's  surface  were  in  progress,  giving  various 
degrees  of  inclination  to  the  frozen  surfaces  of  the  lakes,  down  which 
bowlders,  sand,  and  gravel  would  be  impelled  to  great  distiinces  from 
the  points  of  their  origin.  The  impelling  force  might,  in  some  cases, 
l)e  gravity  alone;  but  during  the  close  of  the  epoch,  when  the  tempera- 
ture had  rivSen,  vast  landslides — avalanches  of  mud  filled  with  detritus — 
would  be  propelled  for  man}'  miles  over  these  frozen  lakes,  and  when 
the  ice  disapj^eared  the  same  would  be  deposited  in  the  form  of  a 
promiscnious  aggregate  of  sand,  gnivel,  pebbles,  and  bowlders.  The 
polished  and  scratched  surface  of  the  rocks  in  western  New  York  he 
ascribed  to  the  action  of  sand  and  pi^bbles,  which  were  carried  by 
moving  bodies  of  ice,  that  is.  apparently,  to  local  glaciation. 

The  year  183H  seems  to  have  been  one  of  remarkable  activity  among 
American  geologists.  Moreover,  the  various  publications  began  to 
show  a  greater  variation  in  individual  opinion  and  a  disposition  on 

the  part  of  man}'  to  judge  for  themselves  mther  than 
vSJJJT  ?«39!^^**      follow  too  implicitly  the  opinions  of  others.     Many  of 

the  ideas  put  forward  were  naturally  crude  (How  could 
they  be  otherwise?),  but  furnish  us  with  a  very  good  insight  into  the 
gradual  evolution  of  ideas  upon  a  great  variety  of  subjects. 

George  E.  Hayes  wrote  upon  the  geology  and  topography  of  western 
New  York  and  incidentally  put  forth  several  theoretical  ideas  worthy 
of  mention,  even  though  ill-founded.  He  took  occasion  to  deplore  the 
common  custom  of  invoking  the  assistance  of  the  Noachian  deluge  to 
account  for  such  results  as  erosion  and  the  distribution  of  the  drift. 
He  felt  that  "the  condition  of  a  continent  gradually  elevated  from  the 
ocean,  whether  by  volcanic  action  or  by  the  expansive  force  of  crys- 
tallization, or  by  any  other  cause  whatever,  would  be  such  as  tc 
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account  for  all  the  geological  phenomena  hitherto  attributed  to  the 
mechanical  action  of  water."  The  formation  of  such  terraces  as  Hitch- 
cock had  descri))ed  in  the  valley  of  the  Connecticut  he  thought  might 
be  due  to  the  action  of  waves  and  tides.  He  regarded  it  as  idle  to 
suppose  that  existing  streams  have  carved  out  their  own  channels,  and 
ridiculed  the  idea  that  the  falls  of  Niagara  were  once  at  Lewiston, 
seven  miles  below  their  present  position,  as  had  been  contended  by 
the  English  geologist,  Bakewell. 

He  also  decried  all  attempts  at  estimating  the  age  of  the  falls  or  th^ 
time  before  they  would  so  far  cut  back  as  to  drain  Lake  Erie.     It  was 
his  idea  that  the  channel  below  the  falls  was  cut  while  the  rocks  were 
being  slowh^  raised  above  the  level  of  the  great  inland  sea  and  forming 
a  limestone  ridge  or  reef  across  which,  at  its  lowest  points,  strong 
currents  woukl  alternately  sweep  during  the  ebb  and  flow  of  the  tides. 
As  the  elevation   progressed  the  currents  would  become  more  and 
more  confined  to  the  weakest  and  lowest  points  in  the  barrier,  until 
in  course  of  time  the  whole  force  of  the  conflicting  currents  would  be 
concentrated  at  one  point.     '•The  power  of  the  waves  and  the  influx 
of  the  tide  operating  from  below  w^ould  be  applied  to  the  best  possible 
advantiige  in  tearing  up  the  sti*ata  which  most  impeded  their  course, 
while  the  current,  combined  with  the  receding  tide,  would  carry  off 
the  fragments.     In  this  mannei*  the  valley  of  the  Niagam  was  doubt- 
less formed.''     (See  HalPs  views,  p.  884.) 

The  lake  beds  of  the  region  ho  imagined  to  have  been  formed  by  the 
unequal  erosion  along  the  edges  of  uplifted  strata.  Lake  P^rie  lying  at 
the  junction  of  shale  and  limestone.  Before  this  limivstone  had  become 
sufficiently  elevated  to  shut  out  the  sea  from  the  basin  now"  occupied 
by  the  lakes  he  conceived  a  strong  current  to  have  set  in  through  the 
Gulf  of  St.  Lawrence,  finding  its  way  through  the  valleys  of  the 
Mohawk  and  Hudson,  and  dropping  on  its  course  the  large  quantity 
of  ])owlders  foreign  to  the  localities  now  so  plentifully  distributt^d 
over  the  surface. 

As  early  as  1S28  Governor  Wood])urv,  in  his  message  to  the  State 
legislature  of  New  Hampshire,  had  recommended  an  agricultural  sur- 
vey, having  particularly  in  mind  chemical  investigations  of  the  various 

kinds  of  soils.     It  was  not,  however,  until  1839  that, 

Jackson's  Survey  of  ,.    .        .  i.    />,  r» 

New  Hampshire,        under  tlic  earnest  solicitation  of  (xovernor  x^age,  a 

1839—40. 

geological  and  mineralogical  survey  was  organized, 
and  Dr.  C.  T.  Jackson  placed  at  its  head.  This  survey  ccmtinued  for 
three  years,  receiving  annual  appropriations  of  ^8,000  to  cover  all 
expenses.  Th(^  final  report  appeared  in  the  form  of  an  octavo  volume 
of  375  pages,  with  two  plates  of  colored  sections  and  an  uncolored 
map  of  the  State  on  which  the  various  formations,  or,  rather,  rock 
typ(»s,  w(Me  indicated  by  numbers.  The  localities  of  useful  minei*als, 
peats,  etc.,  were  also  indicated,  as  wen*  the  dip  and  strike  of  the  more 
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*1imports^nt  rockn.     J.  L).  Whitney  served  as  assistant  in  the  laboratory 
'^^  of  the  survey. 

As  with  other  of  Jackson's  reports,  this  work  contained  scarcely 
anything  of  a  theoretic  or  advanc^nl  nature,  although  he  did  suggest 
that  the  apparent  dipping  of  the  Vermont  marble  beds  under  the  (xreen 
Mountains  might  be  due  to  ''a  folding  or  doubling  back  of  the  strata, 
which  may  curve  around  and  pass  down  toward  the  shores  of  Lake 
Chanipiain,  where  the  same  strata  ipay  be  composed  of  marine  shells."' 
He  noted  also  that  the  secondarv  rocks  must  at  some  time  have  been 
horizontal  and  formed  a  continuous  deposit  extending  entirely  across 
the  region  now^  occupied  by  the  White  Mountains.     If,  however,  the 
secondary  strata  were  to  be  restored  to  their  original  horizontal  posi- 
tion, he  found  an  insufficiency  of  materials  to  cover  the  gap  left  by 
the  removal  of  the  primary  rocks  composing  these  mountains.     This 
he  would  asc*ril)e  Jto  the  breaking  up  of  the  secondary  rocks  at  this 
point  through  the  sudden  elevation  of  the  primaries  and  a  more  or  less 
altering  of  the  same  by  heat. 

It  was  Jackson's  idea,  as  set  forth  in  this  report,  that  highly 
inclined  stratified  rocks  could  have  been  made  to  assume  that  position 
only  by  some  distorting  cause  other  than  aqueous  action.  This  cause 
he  conceived  to  be  ^' a  deep-seated  power  residing  in  the  interior  of 
the  crust  of  the  globe,''  the  power  itself  being  furnished  by  the 
"•great  caldron  of  molten  rocks  and  pent  up  gases  and  steam,  there 
being  no  more  difficulty  in  our  conceiving  of  the  ade(juacv  of  this 
force  than  in  the  prodigious  power  of  steam  in  moving  the  enormous 
engines"  daily  seen  in  operation.  He conccMved  that  a  better  idea  of 
this  power  might  Ix^  g-ained  if  one*' look  to  the  dimensions  of  the 
earthV  great  lx)iler,  and  consider  the  comparative  thinness  of  its 
sides."  Volciuioes  he  devoutlv  referred  to  as  saf(»tv  valves  which 
prevented  a  general  upbursting  of  voh^anic  lires,  and  '•  hold  all  in  the 
most  perfect  order,  and  preserve  the  earth  in  safety.'' 

His  views  regarding  the  glacial  drift  would  seem  to  have  undergone 
no  appreciable  change  since  1889,  although  perhaps  somewhat  dif- 
ferently expressed  in  the  later  reports.  He  wrote  of  this  drift  as  due 
to  the  "ocean  waters  and  seas  of  ice  from  the  pokir  regions  having 
been  hurled  with  violence  over  the  siu*face  of  the  northern  hemisphere 
during  a  period  of  shallow  subsidence.''  The  drifting  of  bowlder- 
laden  icebergs  would  account  for  the  glacial  strije,  but  the  glacial 
theory  of  Agassiz  he  looked  upon  as  ijuite  insufficient  and  ai)surd.  It 
is  to  be  noted,  however,  that  his  only  conception  of  glaciers  was  that 
of  mountain  glaciers  of  the  Swiss  type,  the  onetime  presence  of 
which  was  disproved  by  the  non radiating  charact<*r  of  the  drift  and 
strije.  This  glacial  flood  to  which  he  now  apptniled,  however,  was  not 
regarded  as  contemporaneous  with  the  Noachian  deluge,  !)ut  as  having 
occurred  before  the  advent  of  man. 
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He  recognized  tho  plant  origin  of  the  coal  beds,  considering 
aa  produettj  of  growth  in  low,  moiMt,  and  warm  bogs,  which  wc 
no  fjreiit  height  above  sea  level,  and  which  were  frequently  subj 
to  -slow  and  gradual  submergence  and  reetevation,  in  this  foil* 
the  other  authorities  of  the  day. 

In  1S37  there  was  organized  a  State  geological  survey  of  Micl 
the  nuiu  of  $3,000  being  appropriated  for  the  carrying  out  o 
work  the  firat  year,  the  amount  being  increased  to  $6,000,  %8,W 
$12, 00ft,  respectively,  for  each  of  the  three  succei 
iSSSi^.'iMT^i'!'  years,  which  limited  the  life  of  the  organization. 
Douglass  Houghton,  then  not  30  years  of 
wa.s  made  State  geologist,  and  during  his  terra  of  office  issue 
annual  reports,  the  last  bearing  date  of  1842.  His  chief  assi 
were  Bela  Hubbard  and  C  C.  Douglas,  During  the  winter  of  18 
the  survey  was  reorganized  with  particular  reference  to  prov 

for  zoological,  hotanical,  and  topogra 

dcjmrtiiienti,  and  additional  assistants 

Q  appointed  to  take  charge  of  these  bra 

!     of  the  work. 
In  his  tir.st  annual  report,  a  documen' 
pages,  Houghton  noted  the  geologies 
turcsof  the  Lower  Peninsula,  classifyii 
^^^k  formations  under  the  heads  of   tipiiei 

^-  rock,  gniy  limestone,  and  lower  sandsti 

^^k^^"i^^^^^^^      giTiy  wacke  group,  lying  for  the  most  p 
^^|^H|B^^^^^^I     nearly  horizontal  The  sund^ 

^^^^r^^^^^^^M  the  I'pper  were  regnrd 

j^B^B       ^BBim      Itelouging  to  the  CarlKmiferous  seriej«. 
Krii.  31.— Bdii  iiuiiUni.  1"  bis  wi'coud  aiuiual  report  he  de 

the  to|K>gnipbical  and  general  eharuc 
the  northern  |>ortion  of  the  peninsula,  with  aj^ecial  remarks  uyni 
clays,  maris,  and  gypsums.  He  devoted  considenible  attentioi 
consideration  of  the  change  of  elevation  in  the  waters  of  the  ' 
Lakes,  whii-h  were  then  at  a  higher  point  than  had  l>een  know 
many  years.  Many  leather  stjirtling  and  mysterious  repoi'ts  had 
previously  eireuliited  regarding  the  abrupt  change  in  the  level  ( 
water  of  the  lakes,  and  hence  Houghton's  report  at  this  time  w 
particular  significance.  His  eonclusi<ins  were  to  the  effect  thi 
entire  series  of  changes  were  due  to  i)eriods  of  increased  rainf 
A  siM'cial  report  on  the  State  salt  springs  was  also  submitted  at 
this  time.  In  this  Houghton  annoiuiceil  that  he  had  visited  the  s 
of  I'entisylvanni,  Virginia,  and  Ohio  with  the  view  of  act]uiring 
nnition  to  guide  his  procedure,  and  had  comnienccil  the  boring  u 
wells-one  on  the  Tittalmwn.isec.  near  the  mouth  of  Salt  liivci 
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fHie  other  at  Grand  River,  a  few  miles  west  of  (rrand  Rapids.     Both 
weJls,  it  may  be  stated,  have  proved  failures,  owing  to  the  weakness 
;irf  the  brine. 

The  third  annual  report,  of  111  pages,  (^ontjiined  a  description  of  the 
topography  and  geology  of  the  portion  of  the  Upper  Peninsula  })or- 
deringon  Lakes  Michigan  and  Huron,  together  with  notices  of  the  coal, 
iron,  stone,  and  bog  ores  of  the  southern  peninsula.  The  rocks  of 
the  Upper  Peninsula  were  classitied  as  primary  and  sedimentary,  the 
ktter  being  subdivided  into  a  lower  lime  rock  and  shales  and  upper 
Knie  n>cks. 

The  fourth  annual  report,  1841,  was  given  up  largely  to  articles  by 
Doctor  Houghton  on  the  topograph}',  geology,  and  minemlogy  of  the 
country  bordering  Lake  Superior.  This  contained  also  a  description 
of  the  mineral  veins  of  the  trap  and  conglomerate.  Although  not  so 
stated  here,  it  may  l>e  well  to  remark  that  Houghton  regarded  the 
eopper-bearing  veins  of  the  Lake  Superior  region  as  fissure  veins 
filled  from  1m?1ow  by  the  metal  in  a  state  of  vapor  or  of  compounds 
having  their  origin  from  copper  in  the  native  form. 

The  fifth  annual  report  was  limited  to  l)ut  six  pages,  owing  to  the 
fiict  that  the  appropriations  in^  the  legislature  were  curtailed,  the 
country  suffering  under  pressure  of  a  financial  crisis.  Houghton  was 
not,  however,  content  to  drop  the  work,  and  in  1844,  in  connection 
with  W.  A.  Burt,  devised  a  plan  for  connecting  the  lineiir  surveys  of 
the  public  lands  of  the  United  States  with  the  geological  and  mineral- 
o^cal  sun'ey  of  the  country.  This  plan  was  fully  set  forth  in  a  paper 
prepared  and  read  by  him  before  the  Association  of  American  (reolo- 
gi«ts  at  Washington  in  that  year.  Under  the  recoiinnendation  of  the 
(reneral  Land  Office  Congress  appropriated  funds  for  the  purpose,  and 
Doc'tor  Houghton  was  appointed  to  undertake  the  work.  According 
to  the  plan  thus  jigreed  upon  Mr.  Burt  was  to  take  charge  of  running 
the  township  line.s  of  the  Upper  Peninsula,  the  sulxiivisions  to  be  mjide 
hy  deputy  survej'ors,  and  Doctor  Houghton  was  to  have  the  director- 
ship of  the  entire  work.  The  rocks  crossed  by  lines  were  to  be  exam- 
ined, and  ol>servations  made  as  to  the  general  geological  and  topo- 
graphical features  of  the  country.  The  system  had  been  fairly  organ- 
ized and  the  field  work  of  one  season  nearly  completed  when,  on  the 
13th  of  October,  1845,  Doctor  Houghton  met  his  death  by  drowning 
daring  a  snowstorm,  while  making  his  wa}'  in  an  open  sailboat  along 
the  west  shore  of  Lake  Superior. 

Houghton  graduated  in  1828  at  what  was  then  America's  chief  train- 
ing school  for  geologists,  the  Rensselaer  Polytechnic 
Sketch  of  Hoiigbtoa.  Institute,  and  was  almost  immediately  appointed  assist- 
ant to  Professor   Eaton.     In   1830,  having   but  just 
attained  his  majority,  he  delivered  a  course  of  lectures  at  Detroit  on 
chemistry,  botany,  and  geology,  an  example  no  man  of  several  times  his 
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VigV!  would  care  to  follow  to-day  unless  quite  regardless  of  his  reputa- 
tion. But  such  was  the  condition  of  knowledge  at  that  time.  In  1S31 
he  entered  upon  the  practice  of  medicine,  and  soon  after  receive<l  the 
appointment  of  surgeon  and  botanist  to  the  expedition  under  School- 
craft for  the  discovery  of  the  sources  of  the  Mississippi.  His  public 
career  as  a  scientific  man  bt*gan,  therefore,  with  that  date. 

Houghton  is  described  by  his  biognipher"  as  a  man  of  rather  sniail 
stature,  with  hands  and  feet  small  and  <lelicately  formed;  head  large 
and  well  developed;  with  blue  eyes,  well  sheltered  underneath  massive 
brows,  and  showing  u|>on  his  ears,  nostrils,  and  mouth  seal's  from  an 
accidental  explosion  of  powder,  which  took  place  during  some  of  his 
boyish  experiments.  In  early  life  he  had  sutfered  severely  from  a 
hip  disease  which  had  left  one  leg  a  little  short,  though  not  sufficiently 
so  to  cause  him  to  limp.  His  tempt^rament  was  warm  and  nervoiw; 
his  movements  quick  and  earnest.  Young,  ardent,  and  generous  to  a 
fault,  he  seems  to  have  made  friends  wherever  he  went,  and  soon 
became  the  most  prominent  and  j)opular  man  in  the  State. 

K  very  where  his  ability  and  eiierjjy  were  a(?knowledge<i.  No  name  throughout  the 
distant  and  rural  dintrict^  was  so  oiU^n  uttered.  liin  daring,  hi8  gi^nerons  actts  his 
good  huniur,  his  racy  stories  were  repeated  everywhere.  *  *  *  Every  mm 
seemed  to  feel  a  pride  in  the  growing  relebrity  of  Houghton,  and  the  familiar  epi- 
thets **  The  little  <loft<jr,"  "Ourl)oct4>r  Houghton,"  '*  The  Iwy  geologist  of  Michi- 
gan," became  common  throughout  the  State. 

<'Alvah  Hmdish,  Mt^moir  of  Doujxlass  Houghton,  Detroit,  ISSii. 


CHAPTER  IV. 

THE  ERA  OF  STATE  SURVEYS,  SECOND  DECADE.  1840-1849. 

The  fever  for  State  surveys,  so  prevalent  during  the  last  decade, 
would  seem  to  have  very  quieklv  sul)sided,  since  during  the  period 
BOW  under  consideration  such  were  established  only  in  Alabama, 
South  Carolina,  and  Vermont,  (jovernmental  surveys  were  also  few, 
being  limited  to  those  by  1).  D.  Owen  in  the  Chippewa  land  district, 
and  Jackson,  Foster,  and  Whitney  in  the  Lake  Superior  region. 

The  cause  of  this  sudden  cessation  is  not  quite  apparent.  Nine  of 
the  twenty-six  States  forming  the  Union  at  the  beginning  of  the 
decade  had,  so  to  speak,  escaped  the  contagion,  and  only  the  three 
above  mentioned  succumbed  during  the  period,  leaving  Arkansas, 
Georgia,  Illinois,  Kentuck},  Louisiana,  Mississippi,  and  Missouri 
still  unprovided  for.  It  is  i)ossible,  and  perhaps  probable,  that  the 
period  of  great  financial  depression  beginning  in  188G  may  have  had 
something  to  do  with  it,  but  as  nine  of  the  sixteen  inaugurated  dur- 
ing the  decade  1830-1840  were  established  either  during  1836  or  the 
three  years  inmiediately  following,  this  is  perhaps  open  to  question. 
An  important  factor  may  hav  e  been  the  lack  of  geologists  to  agitate  the 
subject  and  carry  on  the  work,  nearly  every  man  of  prominence  and 
experience  l)eing  engaged  in  surveys  and  organizations  already  under 
way.  The  period  was,  nevertheless,  one  of  importance,  one  of  mani- 
fest results  rather  than  of  organization  and  preparation. 

The  single  event  of  greatest  consequence  during  the  decade  was  the 
appearance  of  the  four  quarto  volumes  constituting  the  final  reports 
of  Mather,  Emmons,  Hall,  and  Vanuxem  of  the  New  York  survey,  an 
event  which  would,  however,  have  been  paralleled  by  the  reports  of 
Bogers  in  Pennsylvania  but  for  the  dilatoriness  of  the  State  author- 
ities. The  volume  of  literature  was  naturall}^  greater  than  at  any 
previous  period,  since  it  included  many  of  the  reports  of  organizations 
of  the  previous  decade,  as  those  of  Percival  in  Connecticut  (1842), 
Booth  in  Delaware  (1841),  Jackson  in  New  Hampshire  (1844)  and 
Rhode  Island  (1840),  and  Rogers  in  New  Jersey  (1840).  The  estab- 
lishment of  a  geological  survey  of  Canada  in  1841,  the  coming  of 
Lyell  to  America  in  the  same  year,  the  publication  of  his  "Travels" 
in  1844,  and  the  coming  of  Agussiz  in  1846  should  also  be  mentioned. 
The  most  noted  of  the  participants  in  the  events  of  the  decade,  as  will 
be  seen,  wei'e  H.  D.  Rogers,  then  in  full  vigor;  PMward  Hitchcock, 
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umtiire  and  coiivservative;  D.  1).  Owen,  by  all  means  the  leader  in 
reconnaissance  work,  and  \V.  W.  Mather.  James  Hall  was  nipidly 
forging  to  the  front  among  paleontologists,  while  J.  D.  Dana,  in  the 
full  flush  of  early  manhood  and  fresh  from  the  experiences  of  the 
Wilkes  expedition,  begiin  the  imporbint  series  of  papei*s  dealing  with 
the  gi-ander  problems  of  earth  history  which  soon  placed  him  foremoflt 
in  the  ranks  of  American  geologists  and,  indeed,  among  the  geolc^rists 
of  the  world. 

Among  the  names  which  were  to  appear  prominenth'  in  the  decade 
will  l)e  found  those  of  E.  T.  Cox,  Ebenezer  Emmons,  J.  P.  Lesley, 
F.  B.  Meek,  B.  F.  Shumard,  Michael  Tuomey,  and  J.  D.  Whitney. 

Geology,  at  the  opening  of  the  decade,  had  found  a  place  in  the 
curricula  of  the  leading  colleges  of  the  land,  as  at  Bowdoin,  in  Maine; 
Amherst  and  Williams,  in  Massachusetts;  Yale,  in  Connecticut:  the 
Rensselaer  Institute},  in  New  York;  the  University  of  Virginia,  at 
Charlottc\sville;  the  University  of  North  Carolina,  at  Chapel  Hill,  and 
the  College  of  South  Carolina,  at  Columbia. 

The  Smithsonian  Institution  came  into  existence  also  during  this 
period.  The  National  Institute  for  the  Promotion  of  Science  and  the 
Society  of  American  Naturalists  and  (leologists  were  formed  at  the 
very  beginning  of  the  decade,  the  last  named  to  l>e  in  1847  merged 
into  the  American  Association  for  the  Advancement  of  Science.  The 
retrospect  was  pleasing,  the  i)rospect  (Encouraging. 

In  ls4:()  an  innuense  stride  in  the  study  of  the  drift  deposits  was  made 
through  the  pu))liration  of  Louis  Agassi/Zs  Etudes  sur  les  (ilaciers,  ii 
work  comprising  the  results  of  his  own  study  and  observations  com- 
bined with  those  of  Jan  de  Charpentier,  E.  T.  Venetz. 
thJSlf.'*i840^*''       and  F.  (r.   Uugi.     The  work  was  pul)lished  in  boti 

French  and  (ferman  and  brought  to  a  focus,  as  v 
were,  the  scatten^d  rays  with  which  the  obscure  path  of  the  glacia 
geologist  had  ])een  heretofore  spasuiodically  illuminated.  But  libnirie: 
in  America  were  few  and  far  between,  the  workers  were  poor,  an( 
many  remained  long  in  ignorance  of  the  existence  of  the  tn^atise  o 
gained  l)ut  a  partial  and  imperfect  idea  of  its  contents  through  hearsay 
or  brief  reviews  in  periodicals. 

The  prevalent  ideas  on  the  subject  of  the  drift  have  been  from  tim* 
to  time  given  in  these  pages.  It  was  Agassi/Zs  idea,  based  upon  ol)ser 
vations  in  the  Alps  and  the  Juras,  imd  what  was  known  regarding  exist 
ing  conditions  in  northern  Siberia,  that  at  a  period  geologically  ver 
recent  the  entire  hemisphere  north  of  the  thirty-tifth  and  thirty-sixt 
parallels  had  been  covered  by  a  sheet  of  ice  possessing  all  the  chai 
acteristics  of  existing  glaciers  in  the  Swiss  Alps.  Through  this  agenc 
he  would  account  for  the  loose  l)eds  of  sand  and  gravel,  the  bowlde 
clays,  erratics,  and  all  the  numerous  phenomena  within  the  regio 
described  which  had  heretofore  been  variouslv  ascribed  to  the  Noachia 
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deluge,  the  bursting  of  dauis,  the  sudden  melting  of  a  polar  ice  cap, 

or  even  to  cometary  collisions  with  the  earth. 
i.     Agassiz's  ideas  were  favorably  received  by  the  majority  of  workers 
I  in  Europe  and  Great  Britain,  though  there  was  naturally  a  highly 

commendable  feeling  of  caution  against  their  too  hasty  acceptation. 

As  a  reviewer  in  the  American  Journal  of  Science  has  put  it: 

Tbeee  very  original  and  ingenious  speculations  of  Professor  Agassiz  must  l)e  held 
for  the  present  to  be  under  trial.  They  have  Ixien  deduee<l  from  the  limited  numl)er 
of  bctfi  observed  by  himself  and  others  and  skillfully  generalize<i;  but  they  can  not 
becoiundere<l  as  fully  e8tablishe<l  until  they  have  been  brought  to  the  test  of  ol)8erva- 
tion  in  different  jtarts  of  the  world  and  under  a  great  variety  of  circumstances. 

The  effect  of  the  publication  was,  however,  soon  apparent  in  Amer- 
ican literature.  Thus,  in  1839  James  Hall,  then  a  young  man  of  28  and 
ju8t  coming  into  prominence  in  connection  with  the  geological  survey 
of  New  York,  had,  with  all  the  confidence  of  youth,  written  upon  the 
glacial  deposits  as  they  had  come  under  his  observation.  Such  he 
r^rded  as  due  to  water  ai'tion,  but  to  the  action  of  opposite  and  con- 
flicting, rather  than  single,  uniform  currents.  The  great  extent  of 
the  deposits  and  the  evidence  of  long-continued  wear  shown  by  their 
materials  proved  to  him  that  the  force  which  produced  them  was  not 
violent  and  sudden,  but  continued  for  an  indetinite  period. 

Four  years  later  (1843)  Prof.  Charles  Dewey,  writing  on  the  striie 
and  furrows  on  the  polished  rocks  of  western  Now  York,  argued  that, 
while  the  bowlders  of  the  drift  indicated  that  a  mighty  current  had 
swept  from  north  to  south,  the  polishing  and  grooving  might  be  due 
to  glaciers  as  described  by  Agassiz. 

Glaciers  or  icebergs  and  the  strong  current  of  waters — a  union  <>f  tlic  two  iM)werful 
caoaes — prolwibly  offers  the  least  r)bje(!tionable  sohition  of  those  wonderful  changes. 

I  Though  disposed  thus  to  accept  in  part  Agassiz's  conclusions,  Dewey 
yet  failed  to  realize  their  full  possibilities.  lie  could  not  conceive 
how  it  was  possible  for  a  glacier  to  transport  sandstone  }>owlders  from 
the  shore  of  Lake  Ontario  to  the  higher  level  of  the  hills  to  the  south- 
ward. Bowlders  of  graywacke  removed  from  the  hills  in  the  adjoin- 
ing part  of  the  State  of  New  York  and  scattered  throughout  the 
Housatonic  Valley  furnished  a  like  ditficulty,  since  between  the  jilace 
of  origin  and  that  of  deposit  lay  the  Taconic  range  of  mountains. 
''If,"  he  wrote,  ''the  bowlders  were  once  lodged  on  the  glacier,  the 
ice  and  bowlders  must  have  been  transported  by  a  flood  to  waters  over 
the  Taconic  Mountains."  The  Richmond  bowlder  train,  concerning 
which  we  shall  have  something  to  say  later,  was  likewise  a  source  of 
difficult^'  in  his  acceptation  of  Agassiz's  theory. 

At  the  April,  1841,  meeting  of  the  Society  of  American  (Geologists 
and  Naturalists  Mr.  R.  C.  Tavlor  exhibited  and  desci'i})cd  in  detail  a 
model  of  the  western  part  of  th(»  southern  coal  field  of  Pennsylvania. 
This  he  stated  to  be  the  tirst  model  constructed  in  the  United  States. 


I 
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Such  ^KMng  tho  ca.sc,  it  is  wortliy  of  reiuark  that  he  regarded  thetbeo 
customary  (and  to  some  extent  still  prevailin^^)  habit  of  exaggerating 

the  vertical  relief  as  "a  hideous  burlesque  upon  the 

R.C.  Taylor  and  the  ,  ^        i.     i         t        .  i  i 

Firrt  Qeoioffica]        actual  aspect  of  the  district   re>pre.sented  or,  rather, 

misrepresented, "  and  that  he  had  himself  **  for  some 
time  ceased  to  make  any  such  difference  between  the  horizontal  and 
vertical  scale/'  Taylor,  it  should  be  noted,  was  particularly  actift 
during  the  period  1831  to  1889,  his  jm|)ers  relating  almost  wholly  to 
economic  problems  and  appearing  largely  in  the  Transactions  of  the 
Geological  Society  of  Pennsylvania.  His  most  pretentious  publica- 
tion was  that  entitled  Statistics  of  Coal,  a  volume  of  754  pages  relating 
to  the  coal  fields  of  the  world,  published  in  1848. 

Troost's  sixth  annual  report  as  States  geologist  of  Tenne^ssee,  a 
pamphlet  of  48  pages,  was  mad(>  in  October,  1841;  his  seventh,  of  45 
pages,  in  1843;  the  eighth,  of  but  20  pages,  in  1845;  and  the  ninth  and 

last  in  1848.  During  the  interval  between  his  fifth  and 
Tennl»»ee^784  "       ^ixth  reports  he  had  become  acquainted  with  the  work  i 

of  Sedgwick  and  Murchison  in  England,  and  the  result 
is  a  slight  modification  of  his  views  regarding  the  rocks  of  Tennessjce. 
He  now  announced  the  conclusion  that  those  rocks  west  of  the  line  which 
separated  Tennessee  from  the  State  of  North  Carolina,  and  previously 
classified  by  him  as  ti'ansition  under  the  names  of  graywacke,  ett'., 
belong  to  Sedgwick's  Cambrian  system.  Tlie  range  known  by  the  : 
name  of  Bays  Mountains,  which  extends  into  Tennessee  for  al>out  UK)  j 
miles  in  a  northeast  and  southwest  direction,  he  believed  to  terminate  i 
this  system  toward  the  west.  A  f(^w  pages  farther  on  he,  however,  ; 
rust  a  doubt  on  this  determination  by  writing: 

I  (.'onsidcr  *  *  *  tliiit  P»ays  Mountain  forms  tlio  iipiK»r  i)art  of  the  Cambrian 
system  or  that  it  pi'ihaps  Ir'Ioiijxs  to  tlie  Old  Re«l  Sandstone;  tliat  thenre  toward  the 
north  of  that  mountain  chain  another  formation  commences,  whicli  is  the  Silurian 
system  of  Murchison. 

To  which  of  his  particuhir  su))divisi()ns  they  should  })elong  he  was 
in  doul>t.  He  felt,  however,  it  was  possible  they  might  be  the  equiva- 
lent of  Murchison's  Llandeilo  Hags  (Fpper  Cambrian). 

The  oolitic  liniestoiu^s  and  sili('(M)us  strata  toward  the  Avest  of  the 
(Cumberland  Mountains  he  thought  to  rest  upon  a  continuaticm  of  the 
Silurian  svstem,  more  trcMierallv  known  under  the  name  of  **  mountain 
limestone."  Tliis  h(^  made  to  extend  over  the  whole  of  middle  Tennes- 
see to  a  few  miles  east  of  tli(*  Tennessee  Kiver. 

In  his  seventh  annual  rej)ort  lie  announced  that  the  region  alK)ut 
Nashville  was  c<)nij)osed  of  strata  bc^longing  to  the  Silurian  system, 
and  mentioiKMl  the  fossils  wliieh  lie  considered  as  chanicteristic  of  the 
lowest  strata.  In  this  report  lie  gave  a  detail  colored  geological  map 
of  l)a\'idson,  \\'iHianisoii,  and  Maury  counties. 

Troost's  collection  of  fossil  Kehinodennata  containing  all  his  ty^H\^ 
*'ind   species  described   in    what    is   known    as  Troost's   list   of   1850, 
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igether  with  the  unfinished  manuscript  relating  thereto,  passed  after 
is  dt*ath  in  1S50  into  the  eustoily  of  the  Smithsonian  Institution,  I)}' 
rhieh  it  was  handed  over  first  to  Agassiz,  and  sevenil  yeai*s  later  to 
ametsi  Hall,  to  he  put  into  shape  for  publication.  For  reasons  unknown 
o  the  public  this  work  was  delayed  year  after  year,  until,  after  the 
leath  of  Hall,  in  his  turn  (in  1894),  it  once  more  came  into  the  pos- 
testcion  of  the  Institution.  In  the  meantime  all  that  was  new  had  been 
Jse where  desc'riljed.  Thus,  through  sheer  neglect,  Troost  was  robbed 
>f  much  of  the  credit  to  which  he  was  justly  entitled. 

In  1842  Dr.  Pxlwaixi  Hitchcock  read  an  important  paper  before  the 
Boston  meeting  of  the  American  Association  of  (leologists  on  the 
Phenomena  of  the  Drift  in  North  America,  which  is  particularly  inter- 
^  esting  at  this  time  as  showing  the  gradual  evolution  of 

lihclKOCk  on  Drift  "  i 

SkoMMneoa  in  the  present  theorv  from  that  of  the  Noachian-delui'e 

idea  advocated  bv  earlier  writers.  Hitchcock's  views 
bad,  of  course,  l)een  influ(Miced  by  those  of  such  men  as  Charpentier, 
^kgHssiz,  Buckland,  and  Murchison,  and  he  expressed  at  the  outset  the 
Donviction  that  nearly  all  geologists  would  "agree  in  the  principle  that 
the  phenomena  of  drift  are  the  result  of  joint  and  alternate  action  of 
kre  and  water."  To  express  this  joint  and  alternate  action  he  made 
use  of  the  term  •'glacio-a<iueous.-' 

In  this  papt^r  Hitchcock  devoted  some  50  pages  to  a  descri])tion  and 
discussion  of,  tirst,  tnuisported  bowlders;  second,  smooth,  polished, 
and  striated  rocks;  third,  em})ossed  rocks;  fourth,  valleys  or  erosion; 
fifth,  moniines;  sixth,  detritus  of  moraines;  seventh,  dei)osits  of  clay 
and  sand;  eighth,  contortions  of  the  stratified  dcj^osits;  ninth,  terraced 
Valleys;  tenth,  fra<'tured  rocks;  and  eleventh,  orgsmic  remains,  after 
^bich  he  proceeded  to  discuss  the  theories  of  the*  various  European 
authorities  and  state  his  agreement  or  objections  to  tlu^  same.  He 
objected  to  the  theory  of  Ly<»ll  to  the  effect  that  th(^.  results  observed 
bv  him  in  North  America  were  produced  by  floating  i<ebergs  derived 
from  glaciers  formed  on  mountains  as  tin*  land  gradually  emerged 
from  the  ocean,  because,  first,  it  failed  to  account  for  tin*  lower  tem- 
perature which  was  necessary;  second,  l)ecauso  there  was  no  evidence 
that  the  glairiers  descended  from  th(»  mountains;  and  third,  because 
the  deposits  of  vegetitble  matter  d(»rived  from  land  plants  showed  that 
the  continent  nmst  have  ))een  above  sea  level  long  before  the  drift 
period*  The  theory  of  Dc  la  Heche,  which  suppos(»(l  the  contents  of 
the  northern  o<*ean  to  have  been  precipitated  ov(T  the  countries  farther 
muth  by  the  elevation  of  tin*  pohir  regions,  Hitchco<*k  reganhnl  as 
possibly  applicable  to  the  low  countries  of  Eur()j)e,  but  not  to  New 
England,  since  it  would  recjuirc  a  ris(''of  tli<»  ()c(*an  amounting  to  some 
»>.<HX>  feet,  and  he  could  find  no  facts  to  justify  such  an  assumption, 
ilthou^h  recognizing  t  he  Fact  that  the  a(|ueo-glacial  agency  had  operated 
•*'ell  over  the  summits  of  the  \Vhit(»  Mountains. 
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To  Aga8siz's  theory,  which  supposed  an  immense  accumulation  o 
ice  and  snow  around  the  poles  during  the  Glacial  period  and  a  conse- 
quent sending  out  of  enormous  glaciers  in  a  southern  direction,  fol- 
lowed V>y  floods  of  water  and  transportation  of  icebergs  on  return 
of  a  warmer  period,  he  likewise  took  exception,  since  he  was  unable 
to  conceive  how  such  effects  could  be  brought  about;  nor,  indeed, 
could  he  understand  how  such  causes  could  operate  when  the  land 
was  rising  from  the  ocean  and  the  water  consequently  retreating,  as 
it  must  have  been,  to  account  for  the  various  observed  phenomena- 
such  phenomena  as  would  necessitate  the  occurrence  of  water  loaded 
with  ice  and  detritus  floating  for  centuries  at  least  over  a  large  part 
of  the  earth's  surface. 

He  likewise  objected  to  Maclaren's  ''ingenious  amalgamation"  jf 
Lyell  and  Agassiz's  theories,  but  failed  himself  to  suggest  one  per- 
fectly satisfactory. 

His  paper  showed  a  ver}^  clear  insight  into  what  had  taken  place, 
but  an  inability,  with  the  information  at  that  time  available,  to  account 
for  it  in  a  satisfactory  manner.  Thus,  in  describing  the  stria?  found 
by  himself  on  the  top  of  hills  and  mountains  like  Monadnw,  he  wrote: 

Could  immense  icebergs  have  l)een  stranded  on  the  northern  slope  of  the  hill?  and 
afterwards,  by  the  force  of  currents,  have  been  driven  over  the  summits;  or  wouici 
it  be  nece«8ary  to  suppose  that,  after  the  stranding,  the  water  must  have  risen  so  aj 
to  lift  up  the  iceberg;  or  would  a  vast  sheet  of  ice  lying  upon  the  earth's  surface,  l)> 
mere  expansion,  without  the  presence  of  water,  have  Ix^en  able  to  produce  tlu 
smoothing  and  furrowing  in  question? 

He  regarded  the  moraines  as  depo.sited  by  floating  it-ebergs  and  th( 
linear  forms  observed  as  identical  with  the  osars  of  Sweden.  The  tim 
})lue  stnitified  clay,  often  overlaid  by  sjind,  so  characteristic  of  th( 
upper  valleys  of  the  rivers  in  the  glaciated  area.s,  he  regarded  as  sil 
deposited  in  temporary  lakes  formed  by  the  damming  of  valleys  b} 
drift  materials.  After  considering  the  i)henomena  as  o})served  h) 
himself  and  weighing  all  the  theories  advanced  from  time  to  tim< 
by  the  authorities  quoted,  he  sunmied  up  the  matter  in  the  following 
words: 

Is  it  not  i)08si!)le  that  the  phenomena  of  the  drift  may  have  n'sult^^'d  fn)in  all  th 
causes  advanced  in  tiie  theories  under  consi<leration.  *  *  I  feel  *  *  *  that  th 
proximate  cause  of  the  phenomena  of  drift  has  at  last  l)een  <letermine<l,  nameh 
the  joint  action  of  water  and  ice. 

This  is  true  Hitchcock  conservatism. 

In  1842  an  expedition  under  Captain  Powell  wius  sent  out  by  th 
Secretarv  of  the  Navv  to  survev  Tam])a  Rav,  Florida.     Throujrh  th 

influence  of  the  National  Institute,  in  Washinirtoii 
Fklrida,*i84? *"       T.  A.  Conrad  was  allowed  to  accompany  the  party  fo 

the  purpose  of  examining  into  the  geology  of  th 
region.  Conrad  remained  on  the  coast  some  three  months,  his  result 
being  published  in  the  American  Journal  of  Science  for  1846. 
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Froni  paleontological  evidence  Conrad  was  led  to  vi>nft*ider  the  liinr- 
^neof  the  Savannah  River  in  Georgia  l>et\veen  Savannah  and  Shell 
filuff  a.s  Upper  Eocene,  and  thought  that  very  prolmhiy  tho  prevailing 
limestone  of  Florida  would  be  included  in  this  division.  Ho  also  found 
eridence  to  lead  him  to  believe  that  a  considerable  jK)st-Pli()e<»ne 
elevation  of  the  whole  Florida  peninsula  had  tiiken  place,  and  that  the 
Florida  keys  were  a  product  of  this  movement. 

At  the  fourth  annual  meeting  of  the  Association  of  American  Geol- 
ogists and  Naturalists  D.  D.  Owen  read  a  {wiper  on  the  gi^ology  of 
the  Western  States,  including  under  this  designation  the  region  of  the 

Ohio  Valley.  Abstracts  of  this  j^hxm*  apjxmred  in  the 
Min«7tbe  ^^  American  Journal  of  Si*ience  for  184»5.  At  the  Novem- 
Wortcrn  States,  ^^j.  (1^42)  meeting  of  the  Geological  Sn^iety  of  Lon- 
don Mr.  Lyell  presented  for  Doctor  ()%ven  the  sjime 
paper,  which  was  afterwai*ds  pul)lished  in  the  journal  of  that  stH'iety 
UDcler  date  of  1846.  It  seems  proper,  therefore,  that  this  i^ajHn* 
should  receive  consideration  here,  particularly  sinc(^  ()w(»ii  attempted 
a  correlation  of  the  American  rocks  with  those  from  Eur()|x\  As 
published,  the  imper  was  accompanied  by  a  colored  geological  map 
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Flu.  32.— General  seetion  acrmm  the  Western  States.  (After  D.  D.  Owen.)  r>.  diluvium;  \.  marl  iuhI 
frreeDMind.  probably  cretaeeous;  3.  bituminoiw  <'i>al  formation;  'J.  eartK>nifen)Us  linie.*'ton»'  of 
Europe:  1.  probable  e<)uivak'ntH  of  the  Silurian  roek*i. 

of  the  Ohio  Valley  and  the  generalized  section  shown  in  iig.  8!i.  The 
attempts  at  correlation,  it  should  be  noted,  wtM*e  founded  on  paleon- 
tological  data.  The  limestones  immediately  underlying  the*  coal  (8  of 
I  the  section)  he  considered  to  be  the  eciuivalent  of  the  European  (  arlK)n- 
I  iferous.  These  rested  upon  a  series  of  rocks,  the  ui)per  oik*  hundred 
feet  of  which  Hall  had  assigned  to  the  Devonian.  T!ie  middh*  and 
lower  beds  Owen  regarded  as  the  equivalent  of  the  English  Tpper 
Ludlow,  as  defined  by  Alurchison.  Below  this  he  found  sliaUvs  which 
he  believed  to  be  equivalent  to  the  English  I^ower  Ludlow  and  the 
New  York  Marcellus  shale.  The  shalc^-bearing  rock  he  regarded  as 
the  equivalent  of  the  Wenlock  formation  of  Munhison. 

The  fundamental  rocks  of  the  Ohio  Vallev  he  considered  as  the 
cc|uivalents  of  Murchison's  Lower  Silurian,  the  lower  75  to  loo  fe(*t 
corresponding  to  the  Llandeilo  Hags  and  the  rest  to  the  C'aradoc  sand- 
stones. The  corresponding  formations  of  New  York  appeared  to  l»e  the 
Trenton  limestone  and  shale,  representing  the  older  serit»s,  and  the 
Salmon  Kiver  and  Pulaski  sandstone,  the  rest. 

Perhaps  the  most  innM)rtant  outcome  of  the  geological  surveys  of 
Pennsylvania  and  Virginia  and  certainly,  from  a  strictly  scientific 
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standpoint,  the  iHo.st  in)[)ortant  and  far-reaching  conclusions,  werc  those 
H.  D.andw.B.  P"^  forward  by  W.  B.  and  H.  D.  Rogers  in  a  paper 
ASSLhian  ^ead  boforc  the  Assoi'iation  of  Geologists  and  Natural- 

stracture.  1842.  j^^j^^  {„  ^84:2,  entitled  On  the  physical  structure  of  the 
Appalachian  chain  as  exemplifying  the  laws  which  have  regulated  the 
elevation  of  great  mountain  chains  generally.  They  called  attention 
to  the  fact  that  the  chain  consists  of  a  broad  zone  of  very  numerous 
ridges  of  nearly  ei|ual  height,  characterized  by  their  great  length, 
narrowness,  steepness  of  slope,  evenness  of  summit,  and  a  remarkable 
parallelism.  They  divided  the  chain  on  topographic*al  and  structunl 
grounds  into  nine  distim^t  divisions,  consisting  of  alternating  straight 
and  curved  portions.  They  noted  the  remarkable  preponderance  of 
southeastern  dips  throughout  the  entire  length,  although  the  general 
trend  of  the  chain  wjis  northejist  and  southwest.  This  was  imrticu- 
larly  characteristic  of  the  portion  along  the  southeastern  or  most  dis- 
turbed portion  of  the  belt,  but  towai*d  the  northwest  dips  in  the 
opposite  direction  liec^me  less  steep  and  more  numerous. 

They  accounted  for  the  phenomena  of  these  dips  by  assuming  them 
to  be  due  to  a  series  of  unsymmetrical  flexures,  presenting  in  most 
instances  steeper  or  more  rapid  arching  on  the  northwest  than  south- 
east side  of  every  c^onvex  bend;  and,  as  a  direct  consequence,  a  steepr 
incurvation  on  the  southeast  than  north we>5t  side  of  everv  concave 
turn;  so  that,  when  viowcnl  together,  a  series  of  these  flexures  has  the 
form  of  an  (>bli(|uely  undulating  line,  in  which  the  ajKJX  of  each  upper 
curve  lies  in  advance  of  the  center  of  the  arch.  On  the  southeast- 
ern side  of  the  chain,  when*  the  curvature  is  most  sudden,  and  the 
flexures  are  most  closely  crowded,  they  present  a  succession  of 
alternately  convex  and  concave  folds,  in  (»ach  of  which  the  lines  oi 
greatest  dip  on  the  opposite  sides  of  the  axes  approach  to  panillelisni 
and  have  a  nearlv  uniform  inclination  of  from  45'-  to  60"  towani 
the  southeast.  This  thev  described  as  a  douhUmf-nndrr  or  tnrrr3<!oh 
of  the  northwestern  half  of  each  anticlinal  flexure.  Crossing  the 
mountain  chain  from  any  point  toward  the  northwest,  they  notec 
that  the  form  of  the  flexures  changes;  the  close  inclined  plication  oj 
the  rocks  producing  their  uniformly  southeastern  dip  gradually  les 
sens,  the  folds  open  out,  and  the  northwestern  side  of  each  conve> 
flexure,  instead  of  l)eing abruptly  doulded  under  and  inverted,  become* 
(»itln>r  vertical  or  dips  steeply  to  the  northwest.  Advancing  stil 
farther  in  the  sam**  direction  into  the  region  occupied  b\'  the  highei 
formations  of  the  Appalachian  series,  the  arches  and  troughs  grov 
successively  rounder  and  gentler,  and  the  dips  on  the  opposite  side  o 
each  anticlinal  axis  gradually  diminish  and  approach  more  and  mon 
tx)  ecjuality,  until,  in  the  gri^at  coal  Held  west  of  the  Allegheny  Moun 
tains,  th(»v  linallv  flatten  down  to  an  almost  al)solutelv  horizontiilitv  o 

*  •  A'  ft 
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the  strata  at  a  distance  of  about  150  miles  from  the  i^hain  of  the  Blue 

Ridge  or  South  Mountain. 
This  work,  so  far  as  It  relates  to  the  structure  of  the  chain,  has 

been  improved  upon  in  recent  times  only  by  the  discovery  of  enor- 
mous overthrust  faults  in  the  southwestern  portions.  Their  ideas 
fording  the  origin  of  the  chain  have  not,  however,  so  successfully 
withstood  the  work  of  the  modern  physicists.  They  assumed  that 
this  difference  in  the  dips  was  due  to  a  combined  undulatory  and 
tangential  movement  of  the  earth's  crust,  which  was  propagated 
from  the  southeast  toward  the  northwest;  that  is,  they  regarded  the 
various  ranges  composing  the  chain  as  actually  stiffened  waves  or 
billows  of  crustal  matter  comparable  to  the  waves  of  less  viscous  mat- 
ter, like  water  or  lava.  Their  views  may  be  best  understood  by  direct 
quotation: 

We  afHunie  that  in  evt»ry  region  whore  a  yvHteni  of  fiexuren  prevails  the  eriLst  orij^- 
inally  rerteci  on  a  \vi<lely  extende<J  nnrfaee  of  fluid  lava.  Ix^t  it  l)e  siipi)oHed  that 
nibterranean  caases  eoni])etent  to  pro<iuee  the  result,  such,  for  example,  as  the  aceu- 
nialation  of  a  vast  IkkIv  of  elastic  vapors  and  ^ases,  suhjecte<l  the  disturbed  i)ortion 
of  the  belt  to  an  excessive  upward  tensi(»n,  causing  it  to  give  way  at  successive  times 
in  a  series  of  long  parallel  rents.  By  the  sudden  and  explosive  escai)e  of  the  gaseous 
matter,  the  pro<Hgiou8  pressure,  previously  exerted  on  the  surface  of  the  fluid  within, 
being  instantly  withdrawn,  tliis  would  rise  along  the  wliole  line  of  fissure  in  tbe 
manner  of  an  enormous  billow  and  suddenly  lift  with  it  the  overlying  flexible  crust. 
Gra\ity,  now  Qjjerating  on  the  disturbed  lava  mass,  would  engen<ler  a  violent  undu- 
lation of  its  whole  c(>ntiguous  surface,  so  that  wave  would  succeed  wave  in  regular 
ami  parallel  onler,  flattening  an<l  expanding  as  they  advanced,  and  imparting  a  cor- 
resiwnding  billowy  motion  to  the  overlying  strata.  Simultaneously  with  each  epoch 
of  oscillation,  while  the  whole  crust  was  thus  thrown  into  parallel  flexures,  we  sujumisc 
the  undulating  tract  to  have  l)ei»n  shoved  IxKlily  f(»rwar(l  and  secured  in  its  new 
poeition  by  the  permanent  intnLsion  into  the  rent  and  <lislocated  region  l)ehin<l  o( 

I  the  li({aid  matter  injected  by  the  same  forces  that  gave  origin  to  the  waves.  Tliis 
forwanl  thrust,  operating  ujxni  th(^  flexures  formed  by  the  waves,  would  steepen 
the  advance<l  side  of  each  wave  precisely  as  the  wind,  atrting  on  the  billows  of  the 
onean,  forces  forward  their  crests  and  imparts  a  steeper  slope  to  their  leeward  si<les. 
A  repetition  of  these  forces  by  augmenting  the  inclination  on  the  front  of  every 
wave  would  result  finally  in  the  folded  structure,  with  inversion  in  all  the  parts  of 
the  belt  adjacent  to  the  region  of  principal  disturbance.  Here  an  increa.scd  amount 
of  plication  would  be  cau8e<i,  not  only  by  the  sufXTior  violence  of  the  forward  hori- 
zontal force,  but  by  the  production  in  this  district  of  many  lesser  groups  of  waves 
interposed  between  the  larger  ones  and  not  endowe<l  with  sufhcient  momentum  to 
rwch  the  remoter  sides  of  the  Iwlt.  To  this  interpolation  we  attri})ute,  in  part,  the 
crowde«l  condition  of  the  axes  on  the  side  of  the  undulated  district  which  }M)rders 
the  region  where  the  rents  and  dikes  occur,  and  to  it  we  trace  the  far  greater  variety 
which  there  occurs  in  the  size  of  the  flexures. 

The  date  of  the  Appalac'hian  uplift  they  put  subsequent  to  the  for- 
mation of  the  Coal  Measures,  as  being  the  final  pai'oxy.smal  movement 
which  terminated  "in  that  stupen(h)us  train  of  actions  which  lifted  the 
whole  Appalachian  chain  from  the  bed  of  the  ancient  sea/' 
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At  this  .same  meeting  of  the  Assoi'iation  H.  D.  Rogers  gave  an 
important  paper  on  the  origin  of  the  coal  l)eds.  He  here  took  the 
ground  that  the   singular  constancy  in   thickness  of  the   Pittsburg 

coal  bed    and  its    prodigious   range    were    strongly 

H.  D.  Rogers  on  the  iiT  i.         ., 

Formation  of  coid,     advcrsi*  to  auv  thcorv  of  accunuilation  bv  drift.    His 

IH42  *  * 

idea  was  that  the  area  now  covered  bv  the  coal  was 
once  an  extensive  Hat,  lM)rdering  a  continent,  beyond  which  lay  a 
wide  expanse  of  shallow  Init  ojx^n  sea;  that  these  low  flats  were 
oiTupied  by  jK^at  l)ogs  derived  from  and  supporting  a  luxuriant  growth 
of  Stigmaria,  while  along  the  land  margin  and  the  drier  areas  were 
conifers,  LycojKKls,  and  tree  ferns.  The  Stigmaria  wouhl  thus  form 
a  uniform  nmss  of  pulpy  pimt  admixed  with  leaves  and  other  easily 
transi)orted  debris  of  the  trees  along  the  shores,  but  free  from  trunks 
and  (*oarse  branches. 

To  account  for  the  shaly  and  sandy  i)artings  of  the  coal  beds  and  their 
numerous  impressions  of  plants,  he  imagined  a  sudden  sinking  of  the 
land,  producing  thus  a  tidal  wave  from  the  open  sea,  carrying  destruc- 
tion to  the  forest  growths,  and  on  its  return  dragging  back  and  spread- 
ing out  over  the  sea  bottom,  and  hence  over  the  accunmlated  peat  beds, 
sand,  gravel,  and  silt,  together  with  floating  trunks  of  trees,  all  of 
which  go  to  make  up  the  roof  slate  and  other  partings  in  the  beds.  A 
period  of  tranquillity  followed;  another  bed  of  |wat  accumulated,  and 
so  on.  Ilis  theorv  diffcMcd  from  those  of  Buckland,  Beaumont,  Lvell, 
and  others  in  (excluding  from  the  coal-making  materials  the  trunks  and 
bninclies  of  the  more  woody  trees  and  the  catastrophic  interruptions 
ill  the  growing  processes  due  to  earth  sinkings  and  earthquakes. 

lie  furth<M-  accoiintecl  for  the  ditterence  in  volatile  constituents 
bet\v(»en  tlu^  coal  of  tlie  eastern  and  western  beds  on  the  sui)jx)sition 
that  tlie  former  were  dehituminized  l)y  tlie  action  of  steam  and  gaseous 
matter  emitted  tlirougli  th(^  crust  of  the  earth  and  cracks  and  crevices 
formed  during  tlKMiiidulation  and  permanent  b(»nding  of  the  stnita, 
resulting  in  the  formation  of  mountain  ranges. 

I'rof.  W.  H.  HogcMs,  at  this  same  meeting  of  the  association,  had  an 
important  paj)er  on  tin*  connection  of  tlie  thermal  springs,  in  Virginia, 
with  the  anticlinal  axes  and  faults,  lie  recognized  the  work  of  the 
„,  „  „  Kui()i)(\an  geologists  in  connecting  similar  phenomena 

W.  D.  Kogers  on  .   ,  •    i      t  i 

Thermal  Springs.       witli  an»as  ot  terrestrial  disturt)ance,  and  then   pro- 

1842.  1      1  1  1  •    1       1 

(•ceded  to  sliow  that,  with  but  few  exceptions,  the 
tluM-mal  springs  of  the  Appalachian  region  issue  from  the  steep  dip- 
ping or  inverted  strata  on  tlie  northwest  side  of  the  anticlines.  From 
this  he  (le(luc(Ml  thc^  gcMi(»rai  law  that  the  decidedly  thermal  springs  of 
Virginia  issue  from  the  iiiuN  of  anticlinal  axes  or  from  point.s  verv 
iHMir  such  lines.  TIicm^  vi<nvs  h(^  regardiHl  as  in  harmony  with  those 
of  Arago  and  Hist'liotf.  From  those  of  Daubeny  they  differed,  seem- 
ingly, in  that  the  latter  regarded  such  springs  as  indicative  of  volcanic 
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eruptions  ^oing  on  in  a  covert  and  languid  manner  under  certain  parts 
of  the  range.  But  Daul>en3- ,  it  must  be  remembered,  carried  his  views 
to  an  extreme,  regarding  the  uplift  of  the  chain  itself  as  due  to  these 
same  volcanic  forces. 

In  1842  there  appeared  in  the  Proceedings  of  the  Boston  Society  of 
Natural  History  a  paper  by  J.  P.  Couthouy,  one  of  the  naturalists  of  the 
Wilkes  Exploring  Expedition,  in  which  an  attempt  was  made  to  show 

that  the  distribution  of  coral  growth  in  the  ocean  was 
cJnriQ!wwttafi842.  limited  by  tempemture.     This  paper  brought  forth 

very  promptly  a  reply  from  Dana,  who,  while  agree- 
ing as  to  the  facts  and  theories,  claimed  that  he  (Couthou\')  had  simply 
borrowed  the  idea  from  him;  that  the  explanation  "was  originally 
derived  from  my  manuscript,  which  was  laid  open  most  confidentially 
for  his  perusal  while  at  the  Sandwich  Islands  in  1840. "  The  assertion 
was,  of  course,  denied  by  Couthouy  with  equal  promptness,  but  it  nmst 
be  confessed  that  the  evidence,  so  far  as  it  is  available,  favors  Dana's 
claim. 

Dana,  it  should  be  remarked,  was  led,  from  his  observations  while 
on  this  expedition,  to  agree  with  Darwin  as  to  the  formation  of  atolls 
(annular  coral  reefs),  but  could  not  agree  with  him  regarding  regions 
of  subsidence  and  elevation.  He  found  nothing  which  to  him  sup- 
ported the  idea  that  islands  with  barrier  reefs  were  subsiding,  while 
those  with  fringing  reefs  were  rising. 

In  the  summer  of  1842  Dr.  W.  Byrd  Powell,  of  Little  Rock,  passed, 
of  his  own  volition,  some  six  weeks  in  a  study  of  the  geology  of  the 
Fourche  Cove  region,  his  results  being  published  in  a  pamphlet  of  28 
ByrdPowdi's  work  P^^^  ^^^  map,  bv  the  Antiquarian  and  Natural  History 
I?i!iS^riESSlir  Society  of  Arkansas.  The  Doctor  at  the  time  of  his 
^^^'  writing  occupied  the  position  of  lecturer  on  phrenology 

and  geology.     Whatever  ma}'  have  been  his  (lualification  in  the  tirst- 
named  subject,  as  a  geologist  he  was  no  whit  nbove  the  majority  of 
workers  of  his  day.     The  rocks  of  the  cove  and  their  association  were 
described  in  considerable  detail,  the  prevailing  syenite  being  called  gran- 
ite, although  he  noted  that  it  contained  no  (juartz.     He  differed  with 
Featherstonhaugh,  however,  in  assuming,  and  wrongly,  that  the  rock 
was  primitive  and  not  intrusive.     To  a  supp()s<»d  transitional  form  of 
greenstone  into  basalt  he  gave  the  name  Conmoi,     The  othc^r  rocks 
noted  were  basaltic  clinkstone,  amygdaloid,  gneiss,  etc.     Some  of  his 
observations  are  open  to  question.     Less  than  a  gill  of  mica  from  the 
gneiss,  he  announced,  yielded  him  half  an  ounce  of  metal,  which  he 
considered  as  mostly  iron.     He  further  remarked  that  the  hornblende 
rocks  of  the  region  contained  a  large  percentage  of  iron,  which  was 
chiefly,  if  not  wholly,  native;  also  that  they"  contained  native  lead  and 
a  little  silver. 

The  organization  of  the  geological  survey  of  the  State  of  New  York 
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in   183^)  has  already  been  noted.     Annua)  report^s  were  issued  regu- 
larly during  the  period  of  its  existence,  but  with  one  or  two  excep- 
tions the  results  can  be  best  summed  up  in  a  review  of 
Survey  of  New  York,  the  final   reports  fus   they  appeared  in   1842-43.    Of 

these  final  reports,  which  were  issued  in  quarto  form, 
Mather's,  comprising  689  pages,  with  46  plates,  in  part  colored,  and 
including  a  geological  map,  was  one  of  the  most  voluminous. 

The  first  geological  district,  to  which  Mather  was  assigned,  embraced 
twenty-one  counties,  extending  from  the  northeast  of  Washington 
County  between  lakes  Champlain  and  George  southwesterly  to  the 

Susquehanna  River  so  as  to  include  the  counties  of 
N<S?York!^°** '"     Washington,  Saratoga,  Schenectady,  Schoharie,  and 

Delaware,  and  all  of  the  State  east  and  south  of  this  line. 

Mather  thought  to  have  recognized  seven  periods  of  elevation  and 
disturbance  of  the  stmta,  exemplified  in  the  district  assigned  to  him. 
These  he  described  as  follows: 

First.  One  preceding  the  la3Mng  down  of  the  earliest  fossiliferous 
rocks,  which  gave  rise  to  the  primary  Highlands  of  the  Hudson  and 
the  primary  mountains  of  Samtoga  and  Washington  counties.  On  this 
he  found  the  Potsdam  and  Calciferous  sandstones  and  black  limestone 
resting  unconformably. 

Second.     One  which  preceded  the  deposition   of   the   Helderberg 
limestone,  which  he  found  lying  unconformably  on  the  upturned  ear 
Her  rocks.     This  manifested  itself  niainlv  in  the  Hudson  Vallev  and 
included  the  Hii^hlands  and  Westcli(\ster  Count  v. 

Third.  One  subs(Mjuent  to  the  deposition  of  the  rocks  of  the  Onta- 
rio division,  the  (^fleets  of  which  he  thought  to  recognize  from  Green 
Pond  Mountain  tlirough  Belh^vale  Mountain,  Goose  Pond,  Sugar  Loaf, 
and  Skunneniunk  Mountains,  and  along  the  Shawangunk  Mountains. 

Fourth.  One  subse(|uent  to  the  deposition  of  the  Catskill  division 
and  ev(»n  the  coal  formation.  This  disturbed  all  the  pre-existing  rockn 
in  New  York  east  of  the  Delaware.  To  it  he  ascribed  the  l)ending 
and  wrinklinir  of  the  coal  formations  in  Pennsylvania,  Maryland,  and 
Virginia.  Th(*  era  of  disturl)ance  was  regarded  as  between  that  of 
the  coal  and  the  New  Hed  sandstone. 

Fifth.  A  peiiod  of  disturbance  at  the  end  of  the  deposition  of  tho 
Long  Island  division  and  before  the  deposition  of  the  Quaternary. 

Sixth.  A  period  between  the  di'ift  and  Quaternary  by  which  the 
land,  without  defoi'inatioii,  was  lifti^i  to  about  the  level  of  the  Qua- 
t(M*narv  formations. 

Seventh.  A  period  after  the  disposition  of  tVn^  Quaternary  by  which 
a  large  part  of  the  land  was  Iift(Hl  loo  feet  a))ove  the  level  of  the 
oceanic  wat(M*s. 

He  thought,  also,  to  recognize*  four  pfM'iods  of  metamorphic  agency, 
though,  singularly  enough,  his  metaniorphism  was  that  of  contact  by 
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ignoou.s  masses  only,  and  hence  his  periods  thoiye  of  igneous  intrusion. 
To  the    then  ordinarily  accepted   causes  of   folding,  elevation,  and 
depression,  as  steam  and  elastic  vapors  in  a  high  state  of  tension,  the 
oontruction  of  the  earth  by  secular  refrigeration,  or  the  undulatorv 
action  of  the  fluid  interior,  combined  with  tangential  force — Mather 
added  a  fourth.     He  conceived  that,  as  the  earth   is  a  cooling  and 
shrinking   IkkIv  and  revolving  with  increased  mpidit}^  owing  to  its 
diminished  diameter,  the  ocean,  being  fluid,  would  not  immediatel>' 
partake  of  this  incre^ased  velocity,  and,  therefore,  as  the  earth  revolved 
from  west  to  east,  a  current  of  greater  or  less  strength  would  set  to 
the  westward  over  the  whole  ocean,  but  strongest  at  the  equator.     The 
inertia  of  the  solid  mass  of  the  interior  of  the  glolx3  would  also  cause 
it  to  preas  to  the  westward  with  a  power  dep^nident  upon  the  nipidity 
of  rotation.     Given,  then,  lines  of  weakness  where   yielding  would 
take  place,  motion  and  distortion  or  elevation  might  follow.     If  the 
interior  were  fluid  and  the  solid  exterior  floating  ujwn  it,  a  change  in 
the  velocity  would  produce  still  stronger  effects  and  changes  of  lati- 
tude of  masses  of  the  earth's  surface  affected  in  this  way  would  result. 
Evidences  of  this  were  seen  in  the  wrinkled  and  folded  strata. 

Some  75  pages  of  Mather's  report  w^ere  given  up  to  a  description 
and  discussion  of  the  phenomena  of  the  drift.  He  concluded  that  the 
transport  of  the  drift  and  the  production  of  scratched  surfaces  were 
contemporaneous,  the  drift  itself  being  transported  in  part  by  cur- 
rents and  in  part  by  ice,  itself  drifted  ))y  the  currcMits.  The  period  of 
the  drift  and  that  of  the  Quaternary  deposits  were  sepanited  by  :i 
partial  submergence  of  the  land;  and  further,  the  periods  of  the  drift 
were  periods  when  the  currents  were  stronger  than  at  the  present 
time.     He  conceived  this  to  be  due  to  a  collapse  of  the  crust  of  the 

(globe  upon  its  nucleus  by  refrigeration,  causing  an  accqleration  of  the 
velocity  of  rotation,  ''and  this  a  consequent  distur!)an(*e  of  the  form  of 
equilibrium  of  the  spheroid  of  rotation,  which  would  be  compensated 
by  the  flow  from  the  polar  regions  and  an  accehn^ated  flow  of  the 
e(|uatorial  regions."  This  sudden  acceleration  of  the  ocean  currents 
be  felt  would  be  sufficient  to  cause  the  transportation  of  vast  quanti- 
ties of  detritus-laden  ice  from  the  polar  regions  southward. 

The  large  amount  of  drift  scattered  ovcm*  the  central  and  northern 
Mississippi  region  he  ascribed  incidentally  to  ice- laden  currents  from 
Hudson  Bay  and  the  polar  seas  which,  flowing  over  the  northcMn  part 
of  the  United  States,  would  be  met  by  the  warm  waters  of  the  (Julf 
Stream,  causing  them  to  deposit  thcMr  loads.  The  warm  current  flow- 
ing northward  would  be  superimposed  on  the  cold  cui'rent,  the  hitU^v 
continuing  southward  ])eneath  it,  transporting  the  finer  materials  such 
as  now^  occupy  the  lower  Mississippi  Valley.  It  may  be  add(»d  that 
Mather's  disposition  to  overload  and  overwork  the  (lulf  Stream  is 
somewhat  amusing.     Not  merely  did  ho  ascribe  the  glacial  drift  and 
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the  New  Red  sandstone  deposits  to  this  agency,  but  he  would  have  the 
entire  sediinentiiry  series  of   the    New    York   system  dependent  on 
the  same  causes.    Thus,  writing  of  these  rocks:  ^'And  we  can  perceive 
no  region  from  which  such  a  vast  amount  of  mineral  matter  can  have 
been  abmded  and  washed  away     *     *     *     unle>ss  it  has  been  brought 
by  the  equatorial  and  polar  currents  in  their  ceaseless  flow  through 
all  time  since  the  ocean  has  oi'cupied  the  surface  of  the  earth."     Again: 
"And  these  depositions  seem  to  have  ])een  formed  in  a  kind  of  eddy 
produced  by  the  meeting  of  the  flow  of  warm  waters  of  the  (lulf 
Stream  through  the  Mohawk  Valley  with  the  polar  current  through 
the  Champlain  and  Hudson   valleys.''     To  the  presence  of  this  cold 
polar  current  on  the  east  he  attributed  also  the  comparative  paucity 
of  fossil  remains  in  these  rocks  when  compared  with  those  same  hori- 
zons to  the  west,  and  to  the  same  joint  action  of  polar  and  equatorial 
currents,  the  formation  of  the  coal  Ix^ds.     The  equatorial  current,  he 
argued,  performed  a  circuit  around   from   New   Mexico  along  the 
Rocky  Mountjiins,  a  part  flowing  into  the  polar  sea  and  Hudson  Bay 
and  the  remainder  through   the  northern  part  of  the  United  States 
and  southern  part  of  C)anada,  where  it  again  divided,  one  part  flowing 
over  and  through  the  St.  Lawrence  Valley  and  the  remainder  over  the 
Mohawk  Valley  and  along  the  Blue  Ridge  around  once  more  to  the 
Mississippi,  where  it  would  rejoin  the  same  stream,  a  polar  current 
meantime  flowing  through  tlie  St.   Lawrence  and  Hudson  vall(\vs  to 
the  valleys  of  th(»  Red  River  of  the  North  and  the  Mississippi.     The 
meeting  of  thc^se  currents  at  particular  points  would  produce  eddies 
and  conscMjuent  stagnation  of  the  current.     The  transported  orgjinic 
matter,  becoming  water-logged,  would  sink  to  th(»  bottom.     This  mode 
of  formation,  he  thought,  would  account  for  the  presence  of  tropical 
V(»getation  in  the  polar  regions. 

The  white,  red,  mottled  brown,  and  blue  clavs  and  variejjated  sands 
of  Long  and  Staten  islands  he  regarded  as  the  geological  equivalents 
of  certain  beds  of  New  Jersev  undcM'lying  the  drift  and  Quaternary 
and  of  Cretaceous  age.  The  materials  he  thought  to  have  been  derived 
from  the  breaking  down  of  the  gneissic,  granitic,  and  other  crystalline 
siliceous  rocks  which  extend  parallel  to  the  Atlantic  chain  from  (fcorgia 
to  Maryland  and  r(MH)pear  again  in  Connecticut  and  Rhode  Island, 
extending  probably  into  Massachusetts.  This  material,  to  him,  bore 
evidence  of  transport  from  the  southwest,  and  he  believed  the  Gulf 
Stream,  as  before,  to  hav<'  been  the  transporting  agent,  its  velocity 
IxMiig  checked  by  the  southward-traveling  polar  current.  These  cold 
currents  sinking  to  the  l)ottom  would  not  be  conducive  to  growth  of 
animal  V\U\  and  hence  the  beds  are  comparatively  nonfossiliferous. 

MathiM*  believed  that  during  the  Quaternary  division  of  time  a 
vast  inland  sea  occupied  the  basin  of  the  St.  Lawrence  and  Hudson 
valh^vs,  and  that  during*-  this  time  the  clavs  and  marls  wen*  laid  down. 
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water  having  only  a  ver}'  moderate  flow;  that  subsequently  the 
country  was  raised  en  masse  to  a  height  of  from  300  to  1,(XH)  feet. 
This  elevation  he  conceived  to  have  been  sudden,  causing  strong  cur- 
rents to  flow  through  the  channels  communicating  with  the  ocean, 
debiting  sand,  gravel,  and  bowlders  in  their  eddies.  (See  further 
on  p.  394.) 

He  also  believed  that  the  limestones,  that  are  frequently  crystal- 
line white  and  variegated  marbles  in  the  western  part  of  Vermont, 
Massachusetts,  and  Connecticut,  were  metamorphosed  forms  of  the 
Mohawk  limestone  and  Calciferous  sandstone;  that  they  were,  in  short, 
rocks  of  the  Champlain  division,  but  much  more  highly  altered  and 
modified  by  metamorphic  agency  than  Taconic  rocks.  It  should  l>e 
said  that,  while  using  the  term  ^'  Taconic ''  and  describing  the  rocks  and 
ttieir  distribution,  Mather  stated  distinctly  that  he  regarded  the  Cham- 
plain  division  and  the  Taconic  systems  as  the  '*same  rocks,  the  latter 
somewhat  modified  in  character  by  metamorphic^  agencies." 

In  describing  the  Taconic  rmto  separately  I  have  yielde<l  to  the  opinion  of  my 
colleagnes  who  have  considered  them  as  interposed  between  the  Champlain  division 
and  the  primary.  I  can  discover  no  evidence  of  any  such  interposition,  but  consider 
them  as  rocks  modifietl  by  metamorphic  agency  and  intermediate  in  their  character- 
tftios  between  the  unchanged  rocks  of  the  Champlain  division  and  those  still  more 
altered  and  crystalline  along  the  eastern  line  of  New  York  and  in  the  west<Tn  part 
of  Vermont,  Massachusetts,  and  Connecrticut.  (See  also  under  The  Taconic  Ques- 
tion, p.  659. ) 

The  trap  rocks  of  the  Hudson  Palisades  he  looked  upon  as  ancient 
lavas  that  had  flowed  through  the  rock  fissures  in  dikes  while  this 
part  of  the  continent  was  still  beneath  the  waters  of  the  ocean.  These 
rocks  and  the  associated  red  sandstones  he  rightly  believed  to  be  of 
the  same  age  as  those  of  Connecticut,  Virginia,  and  Nova  Scotia, 
though  he  wrongly  put  down  the  Ijjike  Superior  red  sandstone  as  also 
a  contemporaneous  deposit. 

Emmons,  who  had  charge  of  the  second  district,  presented  his 
results  in  a  quarto  volume  of  437  pages,  with  17  plates  and  colored 
sections.     It  was  during  this  survey  that  he  pro|X)se(l  the  name  New 

York  Transition  system  for  the  stiiitigniphic  series  of 
jteMMjsworkin     ^qq^^^  extending  from  the  primary  up  to  and  including 

the  Old  Red  sandstone.  Subse(|uently  this  name  was 
shortened  by  the  omission  of  the  word  transftlon^  and  in  this  form 
was  adopted  by  the  other  members  of  the  survey.  lie  classified  the 
rocks  of  this  system  in  ascending  order  as,  first,  Champlain  division; 
second,  Ontario  division;  third,  Helderberg  division;  and,  fourth,  Erie 
division.  The  first,  or  Champlain,  division  included  the  Potsdam 
sandstone,  the  Calciferous  sand  rock,  the  Chazy  and  Birdseye  lime- 
•»tone,  the  Isle  la  Motte  mar])le,  Trenton  limestone,  and  Loraine  shales. 
rhe  second,  or  Ontario  division,  included  the  Medina  simdstone,  green 
shales,  and  oolitic  iron  ore,  now  known  as  the  Clinton  ove^  \A\^  Owow- 
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daj^i  salt  and  i)last4»r  rocks,  and  tin*  Maul  ins  water  lime.  Tho  third 
included  the  Pentaineriis  linio,  the  Oriskany  sand,  Schoharie  <^ritsaud 
Helderber^  limestone.  The  fourth  included  the  Marcellus  and  Ham- 
ilton shales,  the  TuUev  lime,  (irenesee  slate,  and  the  Ithaca  and  Che- 
mung  slates  and  grits. 

He  r(»garded  the  transition  rocks  of  Essex  and  St.  Lawrence  counties 
as  equivalent  to  the  gray  wacke  series  of  Kurojx^an  authorities.  The 
so-called  primitive  limestone  -the  peculiar,  coarsely  crystalline,  ser- 
pentinous  limestone  occurring  in  Essex  County  -he  conceived  might 
\h}.  an  ei'uptive  rock  in  which  the  carl)onic  acid  had  been  retained  by 
the  pressure  of  superincumlKMit  masses,  the  experiment  of  Sir  Jami's 
Hall,  as  he  believed,  l)earing  him  out  in  this.  The  occurrence*  of 
plumbago  h(»  also  regarded  as  favoring  the  igneous  origin  of  the  lime- 
stone, since  plumbago  is  itself  so  often  produced  in  furnaces. 

He  believed  the  agent  of  drift  transportation  tx>  be  water  and  ice. 
The  bowlders  he  thought  to  be  the  work  of  icebergs,  but  he  did  not 
regard  the  striations  and  polishing  as  due  to  them,  since  the  bottom 
of  the  ocean  is  not  bare  rock  but  covennl  l)v  debris;  and,  moreover, 
ice!)ergs  would  not  move  in  straight  lines  (a  point  which  some  moi'e 
recent  writers  have  (juite  ov(»rlo<)ked.)  The  hov^s  might  act  as  agents 
of  transportation,  he  argued,  but  not  of  erosion.  According  to  his 
ideas,  the  drift-covered  n^gion  was,  during  the  drift  period,  dej)ressed. 

thi»  country  low  ami  coniioctcd  at  tho  iKnth  with  a  wide  and  extcnsivi'  roirion,  triviiiir 
rise  to  larjre  rivers,  whi<h  tl(>we(l  in  siiceepsinn  over  different  parts  (►f  the  region 
lying  between  Chaniplain  and  tlu*  St.  I*jiwren<'f.  These  rivers  were  wide,  shallow, 
and  swift  in  sonu'  parts  of  their  <'onrses,  an<l  frecpiently  fonnd  new  eliannels.  Thoy 
eonnnnnirate<|  witli  tlu^  Atlantir  on  tho  s<»uth  through  the  (lianiplain.  Hudson,  and 
Mohawk  valleys.  They  hore  along  ii-e  loa<lod  with  sand,  pel»hli»s,  ote..  whirli 
wmtehed  and  grooved  the  surface  of  rocks  over  which  they  flowed,  an<l  wore  the 
agents,  also,  of  perforating  the  rocks  in  the  Utnn  of  p(»tholes. 

Emmons  was,  at  this  tim(\  a  catastrophist,  going  so  far  as  to  a^^sert 
that  the  d(H»p  canyons  in  the  Potsdam  sandstone,  like  the  An  Sable 
chasm,  wow'  **o\)ouvd  by  some  convulsion  of  natiin*.*' 

It  was  while  connected  with  tin*  New  York  State  .•^urvev  that 
Enunons conceived  tluMdeathat  a  series  of  obscure  rocks,  formiuir  Ji  belt 
some  fifteen  mih\s  wide  along  the  western  !)()rd(U*of  Berkshire  County, 
and  lying  along  both  sides  of  thcTaconic  Mountains,  were  distinct  from 
any  of  the  so-called  primary  nxdvs,  and  lay  Ixdow  those  of  the  New  York 
system,  lie  tli(M*efore  pr()i)ose(l.  on  siratigraphic  grounds,  to  raise 
th(\s(^  rocks  to  thiMlio-nitv  of  a  svstem  bv  themsidvcs,  which  should  be 
calh^l  tlu^  Taconic  svstem.  Inasmuch  as  the  controversv  which  arose 
over  this  new  svstem  rage(l  vigorouslv  for  nearlv  half  a  centurv,  the 
subjcM't  is  considennl  worthy  of  a  special  cha[)ter.     (See*  p.  ^J.M^) 

Vanuxem's  report  on  the  third  district,  !i  volume  of  8<M>  pages,  con- 
sisted of  little  more  than  an  uninteresting  account  of  the  gtM)grapliic 


James  Haul. 
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dis«trihution  of  tho  vjirious  rocks  jind  thoir  fossil  contents.     In  fact,  it 

fell  short  c)f  what  one  would  he  led  to  exix»ct  from  a 
J£wySc * ^^"^ '"    i:)orusal  of  his  earlier  papers.     His  district,  it  should 

he  noteti,  comprised  the  (»ounties  of  Montgomery, 
Fulton,  Otsecro,  Herkimer,  Oneida,  I^.wis,  Oswego,  Madison,  Onon- 
dagfii,  Cayuga,  Cortland,  Chenango,  Uroome,  Tioga,  and  the  eiustern 
half  of  Tompkins. 

As  a  mattei-  of  petrographical  interest,  it  may  be  well  to  note  that 
the  serpentine  descril)ed  by  Vanuxem  [tirst  in  his  third  annual  report 
(18H9)  and  last  in  his  final  volume  (1842)]  as  occurring  near  Syracuse, 
and  concerning  the  origin  of  which  he  was  then  somewhat  in  doubt, 
was  in  1844  described  as  an  igneous  rock,  and  as  the  only  mass  of  the 
kind  in  the  vicinity  of  the  Salt  Spring.  This  fact  seems  to  have  }>een 
quite  overlooked  by  Williams  in  1887,  when,  working  with  all  the 
appliances  of  modern  p(»trogmph3\  he  showed  the  rock  to  })e  an  alt<»red 
peridotite. 

To  James  Hall  was  assigned  the  fourth  district  in  the  New  York 
State  Survey  at  the  close  of  the  tirst  se^ison.  as  already  noted  (p.  344). 
Tliis  comprised  fifteen  counties,  including  all  that  part  of  the  State  lying 

west  of  the  parallel  of  Cayuga  Lake  and  between  Lake 
HdrtWorfcinNew  Q^^rio  on  the  north  and  l^enns3^1vania  on  the  south- 
east. The  area  includes  the  least  disturbed  portions 
of  the  State^  those  portions  where  the  rocks  lie  in  a  beautiful  consec- 
utive series,  extending  from  the  Medina  up  to  and  including  the 
Chenmng  and  affording  means  unrivaled  for  the  unmveling  of  the 
stratigraphy  of  the  continent.  It  is  doul)tful  if,  at  the  time  this  dis- 
trict was  assigned  to  Hall,  he  himself  realized  its  possibilities— cer- 
tainlv  his  collaborators  did  not.  Indeed,  at  the  time  of  Vamixem's 
transfer  and  HalKs  promotion  the  region  was  regarded  as  one*  of  little 
promise  and  was  wjillingly  relin(|uishe(l  to  the  youngest  and  least 
experienced  of  the  force. 

Hallos  report,  appeiiring  in  1843,  comprised  ()88  oct^ivo  pages,  with 
1^  plates,  including  a  colored  geological  map  of  the  Stjite  and  the 
United  States  as  far  west  as  the  Mississippi  River. 

Hall  adopted  the  term  New  York  svstem,  as  suggested  by  Emmons, 
to  include  all  the  oldest  fossiliferous  rocks  of  the  State,  (Excluding  th(^ 
Chemung  and  Catskill.  As  destined  !)y  him  it  would  ])e  the  <»(iuivalent 
of  what  was  embraced  in  the  fnnisititfn  of  Werner.  It  likewise 
included  Sedgwick's  Cambrian,  Murchison's  Silurian,  and  the  Devonian 
of  Phillifw,  omitting  the  Old  Red  sandstone. 
Concerning  this  he  wrote: 

Nowhere  ih  there  known  to  t»xiHt  so  romplctr  a  writ^  of  the  ohlcr  fossiliforouH 
rockn  as  thoHi>  cmbraceil  within  the  limits  of  the  State,  and  for  the  reason  that  in 
New  York,  where  the  means  of  investijrati(>n  are  l)est  affonUMl  and  where  the  whole 
series  itf  andLBtiirlied,  there  is  manifested  tlie  most  complete  and  contimions  sneees- 
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Hion,  showing  but  one  geological  era  for  the  depopition  of  the  whole.  In  that  en 
the  eaVtii  first  witnesstMl  tlie  (hnvn  of  animal  life  and  ages  of  its  greatest  fecundity  ii 
marine  orgjiuinms  an<l  the  approach  of  the  i)erio<i  when  it  l)eeame  fitte<l  to  support! 
vegetation  so  luxuriant  and  universal,  of  which  no  modem  era  has  afforded  apandld 

Hall,  it  should  bo  noted,  in  this  report,  gave  precedence  to  paleon* 
tological  characters  over  all  others  in  distinguishing  the  sedimentarj 
strata,  ])ut  recognized  the  fact  that  lithological  charactei"s  must  not  b< 
w^hoUy  disregarded,  a  fact  to  which  he  had  previously  called  attentioi 
(p.  383) 

Changes  in  the  lithological  features  of  a  rock  *  *  *  which  may  render  obew* 
vations  unsatisfactory  or  dou})tful  are  usually  aircompanied  by  greater  or  less  changi 
in  the  nature  of  the  fossils.  In  no  case,  therefore,  are  to  l)e  overlooked  either  of  the 
three  important  facts  and  characters,  viz:  Lithological  character,  order  of  superposi- 
tion, and  nature  of  the  contained  fossils. 

At  the  time  of  making  his  report  Hall's  views  regarding  the  drift 
were  still  somewhat  hazy.  That  he  did  not  accept  Agassiz's  doctrine 
of  a  vast  ice  sheet  is  verv  evident.     Thus  he  wrote: 

That  blocks  of  granite  cither  enclosed  in  ice  or  moved  by  other  means  have  been 
the  principal  agents  affecting  the  diluvial  phenomena;  that  they  have  scored  and 
grooved  the  rocks  in  their  i)assage  and,  breaking  up  the  strata  and  mingling  them- 
selves with  the  mass,  have  been  driven  onward,  carrying  everything  before  them  in 
one  general  m(*l('e.  That  such  may  have  l)een  the  case  in  some  instances  or  in  lira- 
ite<l  localities  can  not  be  denied,  but  that  it  ever  has  lHH»n  over  any  great  extent  of 
country  will  scarcely  admit  of  proof. 

The  erratics  he  felt  bad  been  dropped  from  time  to  time  l)y  ice  floes 
and  at  a  period  apparently  distant  from  that  of  the  general  drift. 

Hall  was  at  this  time  evidently  a  catastrophistand  regarded  the  drift 
soils,  terraces,  and  the  deep  valleys  and  water  courses  as  due  to  the 
violent  action  of  wat(»r,  which  may  have  been  caused  in  part  by  a  sud- 
den submergence  and  the  rai)id  passagi*  of  a  wave  over  its  surface. 
His  views  were,  indcMHi,  in  many  nv^pects,  little,  if  any,  in  advance  oi 
those  held  bv  Mitchili  twentv-tive  vears  earlier.  Like  Mitchill.  1h 
conceivcnl  of  an  inland  sea  bounded  bv  and  held  i)ack,  in  this  case,  b\ 
th(»  Canadian  Highlands  on  the  noitb,  the  New  Kngland  range  on  th( 
east,  the  Highlands  of  New  York  and  the  Alleghenies  on  the  south 
and  the  Rocky  Mountains  on  the  west.  These  presented  a  barrier  o 
from  1,1  MM)  to  1,2(M»  feet  above  the  level  of  the  ocean  until  brokei 
through  by  the  St.  Lawrence,  the  Susciuehaiuia,  the  Hudson,  partiall; 
by  th(»  Mohawk  at  Little  Fails,  and  perhaps  also  by  the  CV)miecticut 

lUit,  t(»  whatever  cansc  wc  attri])utc  the  phenomena  of  the  HU}>erficial  detritus  < 
the  fourth  district,  the  whole  surface  has  been  })erinanently  covered  hy  water,  for 
wems  iini>(>ssiblc  that  partial  inundations  could  have  i)roduced  the  uniform  charactt 
and  <lisiK)sition  of  the  nuiterials  wiiich  we  lind  spread  over  the  surface. 

Hall  apparently  failed  at  tirst  to  realize  the  eflicacy  of  subaerial  ere 
sion,  and  tbouirlit  that  the  inunense  amount  of  denudation  which  ha 
taken  place  in  his  i)orti()n  of  the  State  could  only  have  been  acconi 
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d  beneath  the  ocp-an,  when  it  entirely  covered  the  surface  of  the 
ry  and  wa»  subject  to  tides  and  currents  like  the  present  ocean. 
I  we  niay  conreive  ihis  whole  extent  ot  fountry  to  have  Ix-en  subniiTp-cl 
1  the<M«(m  for  a  lonn  iieriol;  aini  tliat  in  its  iiiibseqnent  i-levation  it  Ims  Ih.'cii 
I  by  the  tulvancing  ami  relirin);  wMveii,  wliich  iiav^  worn  Cht-  ileep  indentu- 
I  the  limestone  diHf  aail  broken  np  the  ed^es  of  tile  (itnitft. 

1  wH;i  bornatHinghani,  Massachuaetts,  in  ISU,  and  studied  under 
at  the  Rensselaer  Polytechnic  Institute,  gmduating  in  1832,  after 
be  served  for  ii  short  time  as  libnirian,  and  was  then  appointed 

assistant  to  Eaton,  at  a  salary  of  $ti<>>i  a  year. 
■*  J"""  His  first  systemiitic  work  in  {^olojry  wasdone  under 

the  patronage  of  Stephen  Van  Rensselaer  in  St.  Law- 
County.     With  the  organization  of  the  State  geoloffical  survey 
!6  ho  was  appointed  assistant  to  Etumons,  but,  after  the  witli- 
1  of  Conrad,  was  placed  in  charge  of  the  fourth  district — 
b1,  uninttresting  western  ixirtioii  of  tlie  Slati-, 
he  wai^toM  was  good  eiioii|;li  for  a  young  iti 
ity-flve.    The  region  was  not  the  wei-t^rn  New 
t  to-day ;  roaiia  weru  li-8S  nunieronw  anil  less 
ly  niftdti;  exposures  were  rare  and  jkkjf.     It 
ceseary  to  wade  aloii);  ftreaniH  for   riiilc^  to 
agmente  which  were  to  tie  piwe<l  into  tetita- 
ctions;    the  people  were  suspicion 
ew  schenie  (or  increauinj;  tlie  twxi-s; 
e  thin)^  iuove<l  hini;  as  in  later  y< 
only  inereaeed  his  deleruii nation, 
ly  one  of  the  four  final  rejiorts  v 
/  with  the  pniblems   ot   the  yonng  I'l-ifn 
longh  u)>on  the  conteuineil  fonrtli  •li.''tri<'t 
only  one  wbieh  hae  endiirinl  willi  Hutlio 
^me  a  clasBic  in  Kco'ofn*^'  ''tc 
:  final  withdrawal  of  Courad  from  even 

.leontological  work  left  Hall  almost  sole  iiuuster  of  the  Held,  wbicii 
a  time  filled  wo  completely  that  he  auue  to  regard  it  as  liis  own, 
wented  fiercely  any  intrusion  upon  his  domain.  This  rc-jentuient 
is  desire  to  gain  priority  in  all  matters  relative  to  Paleozoic 
itology  caused  bun  at  tiuies  to  resort  to  methods  so  ({uestionable 
rouse  the  antagonism  of  nearly  every  paleontologist  in  America," 
ibjected  him  to  criticism  of  the  severest  kind.  Undoubtedly  a 
in  of  the  hatred  and  opposition  to  him  which  early  l>ccame  mani- 
aij  the  outgrowth  of  that  ]>cculiar  jealousy  which  tho  poet  Kilcy 
aptly  set  forth  in  his  humorous  rhyme; 

And  I've  known  mine  to  lie  ami  wait, 
And  (lit  up  sciiin  and  set  up  Inte, 
To  linil  pome  tiOIow  tliey  could  liat.- 
For  ipiin);  Ht  a  fHHler  i^it. 


Meek's  comments  relalivi'  to  HhU'h 
elative  to  the  Trooet  colJeclion. 


,-otk  i 


I  also  (itateiuentti  o 
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■ 

Much  of  it  was,  however,  uiiquestioiiabl}'  fully  justified. 

I  lis  disposition  to  down  an  opponent  through  sheer  weight  of  per- 
sonal authority  rather  than  by  proof  or  argiunent  sometimes  resulted 
in  placing  him  in  laughable  and  awkward  positions  Ijeforc  his  audienei^ 
but  from  which  he  always  emerged  unembarrassed.  Thus  it  is  toM' 
of  him  that  at  the  Buffalo  meeting  of  the  American  Association  for' 
the  Advancement  of  S<*ience  a  member  rose  to  question  a  statement 
of  his  to  the  effei*t  that  three  species  of  Spirifer  characterized  three 
zones  of  the  Chemung  formation,  the  gentleman  affirming  that«  so  far 
from  this  being  the  case,  the  three  species  could  often  l)e  found  upon 
one  slab,  indicating  that  they  belong  to  the  same  zone.  This  Hall 
emphatically  denied,  and  declared  that  if  such  a  slab  could  ))e  shown 
him,  i.  e.,  with  the  three  species  assoi'iatcd,  he.  Hall,  would  eat  iL 
The  next  day  such  a  slab  was  actually  produced,  though  it  is  not  u]X>ii 
record  that  Hall  was  calleil  upon  to  redeem  his  promise. 

He  was  a  man  of  tremendous  physinil  energy,  whom  no  amount  of 
opposition  could  down,  and  on  the  failure  of  the  legislature  in  185<)  to 
make  the  necessary  appropriations  for  a  paleontologii'al  survey  of  the 
State  he  carried  it  on  for  a  time  at  his  own  expense,  even  when  this 
involved  the  sacnfice  of  his  private  means. 

Stevenson  would  have  us  believe  that  the  fundamental  feature  of 
HalFs  chai-ac'ter  was  **  child-like  simplicity  unitiHl  to  self-conlidence 
and  indomitable  energy."  With  reference  to  the  last-mentioned  qual- 
ities no  one  will  take  exc^^ption. 

Knowing  what  lie  wantiMl  ho  t<M)k  a  direct  Hue,  with  little  reganl  l*<)r  iiiiylKHiyor 
anything;  which  iiii^'ht  Ik*  in  the  way  t<»  nppu!?!'.  *  *  *  Hi^  deceivtil  his  opiK>- 
iieiitH  by  always  telling  the  truth,  MUiiething  stranvre  to  iN>liticians,  hut  in  time  they 
came  to  understand  him  well,  and  strong  men  sought  coinhat  simply  to  measure 
strength,  aa  in  gladiatorial  conte.^^ts  ni  nlden  time.  Almost  invariably  he  was  victo- 
rious, hut  victory  wa«  often  woi-se  than  defeat,  for  it  <'«)nverte<l  into  life-long  enemies 
men  who  In'fore  had  K'en  merely  in<lifferent.  *  *  *  lie  held  his  i)lace  for  almost 
two-thirds  of  a  centurv  through  no  favor  of  man.  hut  S4)lelv  lH»causi'  he  refuse<l  to  Ihj 
displaced. 

For  the  l)enetit  of  those  who,  after  the  science  of  paleontology  wa.s 
well  upon  its  feet,  were  clispc>se(l  to  claim  it  as  a  branch  of  Inology,  it 
may  be  wiMl  to  remark  that  with  Hall  the  problems  of  geology  were 
always  uppermost. 

His  quartos  on  the  New  York  i>aleontology  an^  his  monument,  and  the  c^isual 
observer  is  liable  to  see  in  him  a  biologist  rather  than  a  geologist,  but  until  his  later 
years  he  was  a  geologist.  His  studies  were  from  tin*  stanilj>oint  t»f  one  seeking  to 
determine  relations  between  the  physical  an<l  biological  conditions  in  onler  to  solve 
problems  of  correlation.  The  great  problems  of  ge(»logy,  not  th(»se  <>f  biology,  were 
upiH'rnutft  in  his  mind  until  less  than  twenty  yeai>«  ago.  His  presidential  ad<ires8  to 
the  Ameri^'an  Ass4H'iation  for  the  Advancement  of  Science  in  1S57  (see  p.  495)),  wa'-^so 
far  in  advance  of  the  time  m*  ti>  l>e  thought  not  merel v  absurd,  but  mvstical,  vet  to-dav 
it  is  rt»c<»gniztMl  as  one  of  the  most  imiK)rtant  contributic>us  tooneof  th«' mostditlicult 
problems  in  physical  geology.     Kven  in  his  later  years,  when  I.>iological  problems 
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y\  aft*aui€Ml  their  profK^r  ini|)orUiiKre  for  him,  he  wouhl  have  rt»«eiiteil  an  iutiumtiou 
ttt  he  was  any  letss  of  ]^:eologist  than  Ix^fore. 

Fift<5en  quarto  volumes,  comprising  4,o8i)  pjij^es  and  1,081  full  page 
iskteH  of  fossils,  stand  as  an  enduring  monument  to  his  industry,  a 
Beord  which  never  has,  and  presumably  never  will  be,  surpassed  in 
lie  annals  of  American  geology." 

In  1841  Hall,  fresh  from  his  work  on  the  geological  survey  of  New 
fork,  made  a  tour  through  the  then  western  State  of  Ohio  to  the 
Mississippi  River,  with  a  view  of  furthering  the  work  of  Vanuxem  in 

1829  relative  to  the  identitv  of  certain  of  the  western 
MTi  Work  in  Ohio,  formations  with  those  of  New  York.     As  a  result,  he 

claimed  that  the  rocks  seen  near  Cleveland  were  **per- 
fa'tly  identical  with  those  of  the  middle  portion  of  the  Portage  group,'" 
and  that  the  rocks  of  the  Chennnig  group,  now  known  to  be  Waverly, 
appeared  near  Newbury  i£nd  Akron.  The  Cliff  limestone  of  the  Ohio 
geologists  he  regarded  as  the  equivalent  of  the  llelderberg  series  of 
New  York,  or  at  least  of  the  Onondaga  and  Corniferous  meml>ers.* 
Perhaps  the  most  important  of  his  genemlizations  was  the  following: 

From  the  farts  here  stated,  the  com-lusion  neenis  unavoidable  that  the  character 
of  fw^ils  is*,  or  may  he,  a«  variable  a«  htholoj^ical  charactern;  in  fact,  tliat  the  j^pecieH 
depend  in  some  dt»gree  upon  the  nature  of  the  material  anionjr  which  they  lived. 
FuHsil  charaeten?,  therefore,  become  of  parallel  importance  to  the  litholojjiciil;  and, 
inunler  to  arrive  at  just  conclusions,  both  nmst  be  studied  in  connection,  and  local- 
ities of  proximity  examined.     In  the  case  of  the  Hudson  River  group  of  shales  and 
«Ji(lstones,  in  |)assing  from  New  York  to  Ohio  the  litholo^rical  character  is  almost 
<vtirely  ohan>;erl,  and  at  the  same  time  also  the  most  i>rominent  and  abundant 
iomla  are  unlike  those  of  the  jrrouj)  in  New  York.     More  careful  examination,  how- 
ever, reveals  the  fossils  whi(!h  characterize  this  jjroup  at  the  Ka.'^t,  and  also  at  the 
J«nie  time  some  ol>Si'urely  similar  lithohjglcal  chanicters.    Similar  litholoj^ical  changes, 
iaYtmpanie<i  by  like  changes  in  fossils,  (K'cur  in  more  limited  districts  within  the 
State  of  New  York.     Without  desiring  to  diminish  the  value  of  fossil  characters  as 
means  of  identifying  stnita,  it  mu.*<t  still  W  acknowliMlgeil  that  similar  conditions  in 
the  \)lh\  of  the  o<*ean,  and,  apparently,  similar  depth  of  water,  are  reipiirtHl  to  give 
existence  or  continuation  to  a  uniform  faima;  and  when  we  i)a.»4s  beyond  the  |)oints 
rhere  these  conditions  existe<l  in  the  an<'ient  ocean,  we  lose,  in  the  same  degree,  the 
vidences  of  identity  through  successive  depositions,  (►f ten  of  very  different  nature; 
et,  at  the  same  time,  these  may  not  havi*  had  a  very  wi<le  geographical  ninge. 

''Prof-  Charles  Sohuehert  informs  me  that  if  to  the  alnive  arc  added  his  miscella- 
eona  publications  in  octavo  the  number  of  pages  oi  text  published  during  his  life 
jay  safely  l)e  set  down  as  n<>t  less  than  10,0(10.  Largt^  as  are  these  figures,  they 
■ere,  however,  exeeerled  by  the  celebrated  Boheuiian  paleontologist  Harrande,  who 
eue<i  during  hia  hfe  IS  (juarto  volumes,  comprising  5,oHS  pager's  of  text  and  7iW 
latefl  of  fotwils,  besi<les  leaving  manuscript  and  material  for  at  least  10  volumes 
lore,  of  which  4  have  l>et^n  issue<l  since  his  death. 

ft  At  that  time,  the  (Corniferous,  Schoharie,  Cauda-galli,  Uriskany,  and  the 
Onondaga,  or  Balina  and  Waterlime,  were  considereil  sulxlivisions  of  the  rj)i>er  and 
/>wcr  Helderberg. 
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He  further  wrote: 

•    One  of  the  most  interestinj?  chanjres  in  the  prcnhicts  on  going  wegtwanl  is  thegreil , 
increase  of  carl)onate  of  lime,  and  the  diniinution  of  shaly  and  sandy  matter,  indi*  \ 
citing  a  deeixT  ocean  or  gr€»ater  distance  from  land.     The  source  of  the  caleareoof 
deposits  is  thus  shown  to  have  l)een  in  that  direction,  or  in  the  southwest,  while  the 
sands  and  (;lays  had  tiieir  origin  in  the  east,  southeast,  and  northeast,  producing  a 
turbid  condition  in  the  waters  of  these  parts  during  long  intervals,  and  X\w  fomiation 
of  chemical  deposits.    In  New  York  we  are  evidently  upon  the  mai^gin  of  this  primeval 
ocean,  as  indicated  in  the  character  of  the  deposits  as  well  as  organic  remains;  the 
southwest  unfolds  to  us  that  portion  where  greater  depth  and  more  quiet  condition, 
prevailed. 

This  is  apparently  the  tirst  clear  enunciation  by  an  American  geolo- 
gist of  what  are  now  generall}'  recognized  as  well  established  geologi- 
cal principles. 

It  was  but  natural  that  Hall,  while  geologist  of  the  fourth  district  of 
New  York,  should  write  concerning  Niagai*a  and  its  gorges.  The 
views  of  Bakewell,  Rogers,  and  Ha}  es  have  been  already  noted  in 

these  pages.  Hall  in  his  Stute  report  (1841),  but  more 
Concerning  Niagara,  in  detail  in  the  Boston  Journal  of  Natural  Historv  for 

1 842.  *■ 

1842,  covered  the  ground  in  a  manner  much  more 
thorough  and  scientific  than  any  of  his  predecessors. 

Hall  announced  at  the  outset  his  disagreement  with  Doctor  Dau- 
beny,''  who  considered  that  the  terrace  or  escarpment  at  Lewiston  was 
produced  by  a  fault,  as  he  found  no  evidence  whatever  of  even  the 
smallest  disturbance. 

He  noted  the  a))rupt  change  in  the  direction  of  the  stream  at  the 
Whirlpool,  and  also  the  gnivcl-Hlled  channel  extending  from  this  point 
to  St.  Davids,  but,  singularly  enough,  failed  to  realize  that  this  may 
have  ))een  the  one-time  channel  of  the  Niagara.  He  felt,  rather, 
that  this  ravine  was  excavated  by  the  power  of  the  waves  of  the  sea, 
aided  probal^ly  b}-  a  stream  which  may  have  been  of  very  insignificant 
proportions. 

The  fact  was,  however,  rcu'ognizcd  that  tlie  river  was  at  that  time 
carving  out  its  own  channel,  and  the  existing  gorge  from  the  falls  to 
Lewiston  was  due  to  the  same  cause. 

In  1S41,  after  several  years  of  agitation,  there  was  established  a 
geological  survey  of  Canada,  of  which  W.  K.  Logan  was  put  in  charge 
in  the  spring  of  1S4*2,  the  sum  of   t'l,5<)(»  heing  appropriated   for  the 

purpose  of  tarrvinir  out  th(»  work.     Durintf  the  season 

Eftablif hment  of  a       ^  .     .*  _  •        ^  ^ 

Qeoiofficai Survey      of  IS42  Loirau  spent  scvcral  weeks  in  exanuninir  lK)r- 

of  Canada.  1842.  ..     i  i     .    .  i         i.  x-  ^  i   x^  iV 

tions  of  the  coal  helds  of  .Nova  Scotia  ana  JSew^  nruns- 
wick,  and  made  his  famous  section  of  the  Coal  Measures  at  the  South 
Joggins,  which  gave  the  details  of  nearly  the  whole  thickness  of  the 
coal  formation,  some  14,500  feet,  including  7r>  beds  of  coal  and  IH) 
distinct  Stigmaria  under-clays.     Logan  remained  at  the  head  of  this 

<'  Daubeny  was  profeijsor  at  Oxford,  Knjrlaiid. 
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until  1869,  when  he  resigned,  to  be  succeeded  bv  Selwyrt  {sec 
).  During  this  period  he  submitted  sixteen  repoi-ti*.  deuling 
'  with  stratigraphic  and 
Die  subjects,  and  in  1863 
nation  of  his  results  un- 
j  caption  of  The  Geology 
ada  (p.  517). 

>ng  the  early  members  of 
rw  York  Lyceum  was  one 
ar  Cozzena,  a  chemiRt  and 
list,  who  has  left  as  his 
;Ieim  to  recognition  here 
Bvo  volume  of  11-1  pages 

plates,  entitled  A  Cieo- 
,  logical  History 
ofNnr  of  Manhattan 
or  New  York 
,  (cither  with  a  map  of 
iland  and  a  suite  of  Sec- 
Tables,  and  Columns  for 
udy  of  Geology,  particu- 
adapted  to  the  American 
nt.  This  was  published 
3.  The  map  and  sections 
lU  hand-colored,  the  latter 
»hat  gorgeously,  and  in- 
I,  ssido  from  those  relat- 
New  York  Island  proper, 
ns  of  Statcn  Island;  one 
the  Palisades  on  the  west 
f  the  Hudson  River;  one 
Stony  Point,  on  the  Hud- 
iver,  through  Dunderl>erg 
tain  in  New  York:  one 
Brenton  Reef  16  Ports- 
1,  Rhode  Island,  and  one  of 
ra  Falls,  the  latter  sliow- 
tbe  origin  of  the  fiilln 
gb  the  gradual  undermin- 
'  the  softer  shules  ftiid  the 
ing  down  of  the  harder 
:ones  above. 

I  rock.-»  of  Manhattan  Isliind  proper  were  classed  as  (1)  granite, 
enite,  (3)  gneiss,  (4)  hornlilende  slate,  (5)  ((uiirtz  ruck,  (ti)  serpen- 
7)  primitive  limestone,  and  (S)  diluviou.  ^ 

s*T  MVit  190* 25 
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In  the  various  sections  given  the  vertical  distances  are  groselj 
exaggerated,  and  the  rocks  piled  on  top  of  one  another  without  anj 
evident  consideration  of  their  original  position;  nor  is  there  in  tim 
text  any  indication  that  the  author  considered  at  all  the  prohlenm 
relating  to  original  horizontality,  uplift,  and  erosion.  The  red  sand- 
stone associated  with  the  New  Jersey  traps  (Triassic)  he  considered  u 
Old  Red,  but  the  impressions  of  fossil  fish  that  had  been  reported  ai 
found  therein  he  regarded  as  rather  from  overlying  beds — from  "one 
of  the  upper  members  of  the  Coal  Measures  which  lie  above  it"^ 
The  Triassic  conglomerate  of  Maryland  and  Virginia  was  also  inci- 
dentally referred  to  the  Coal  Measures.  This  seems  a  little  strange 
when  we  consider  the  previous  work  of  his  collaborators,  Redfield  and 
Hitchcock. 

It  is  stated  in  his  preface  that  the  work  was  first  undertaken  for 
own  amusement  and  study,  and  it  is  possible  that  his  influence  can  not 
be  gauged  simply  by  this  one  publication.'* 

In  1843,  also,  there  was  published  by  Hyrem  Lawrence  a  geological' 
map  and  descriptive  pamphlet  of  the  \Vest<irn  States.    This  was  designed 
for  popular  use,  and  was  claimed  to  be  the  first  attempt  of  its  kind. 

The  *' Western  States'' at  that  date  included  nothing 

Lawrence's Qeotogy  ^      .         ^«.      .     .       •    ^r   n  cLn^i        t»t      .  ^s    l 

of  the  Western  west  of   the    Mississippi  Valley.     ^Ihe  West,     he 

wrote,  ''  has  no  mountains  nor  even  hills,  except  such 
as  have  been  produced  by  the  action  of  running  water  *  *  *.  The 
rocks  here  have  never  been  broken  l)v  violence  nor  tilted  up  as  in  the 
East,  but  lie  apparently  horizontal  in  the  sides  of  the  hills."  The 
drift  he  described  in  some  detail,  its  source  recognized  and  its  cause 
attributed  to  water  and  ice.  ''It  is  probable  there  may  be  some  anal- 
ogy between  the  whole  matter  and  the  icebergs  of  the  present  day."* 
In  1841^,  too,  the  noted  Edmund  Rutlin,  agricultural  surve\*or  of 
South  Carolina,  published  a  report  of  the  commencement  and  progress 
of  his  survey,  in   the  form  of  a  small  volume  [of  120+55  pages], 

whicli  natural Iv  related  largelv  to  agricultural  matters. 

Ruffin  and  Tuomey'f  i.    •        i    i*  r   i^     *r  4.U     •  i.    i       *     r        -1 

work  in  South  It  Contained,  however,  a  list  of  the  invertebrate  fossils 

Carolina,  1843.  ..      i       li  ^i  i  i  i  j: 

of  the  State  as  then  known  and  numerous  analyses  of 
the  marls.     He  noted  that  nearly  the  entire  country  above  the  lowei 


^' In  the  annals  of  the  Lycenin  of  Natural  History  for  1H67,  Mr.  R.  P.  Steven; 
had  a  pai>er  read  in  18()5  on  the  jutst  and  i)resent  history  of  the  geology  of  New  Yorl 
Island.  In  this,  after  reviewing  the  work  of  H.  11.  Hayden,  Maelure,  Akerly,  an( 
Cozzens,  he  gave  the  results  of  later  observations  by  himself  in  the  75  to  100  mile; 
of  artiticial  sections  exposed  since  Cozzens's  time,  lie  showeil  the  island  to  l)e  j 
l>c>rtion  of  the  main  land  of  Westchester  County  cutoff  by  a  profound  fault.  Thi 
rocks  enumerated  were  chiefly  gneiss,  which  he  consi<lered  metamorphosed  Taconic 
cut  by  granite,  and  interbedded  with  limestone. 

^'Lawrence  is  credited  in  Oarton's  bibliography  of  .American  geology  with  but  tw- 
very  brief  geological  papers — on  Coal  in  Arkansas  and  the  Oeology  of  Arkansas 
publishe<l  in  New  Orleans  in  ISol  an<l  185.*?,  respectively. 
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faW  line  of  the  rirem  was  occupied  bv  granitic  rockrt  and  their  residua) 
soils. 

The  first  attempt  at  a  aystematic  geolofftciil  survey  of  South  CJaro- 
tina  was  inaugurated  in  1844  with  the  appointinont  of  Michael  Tuomey 
ms  State  geologist.  The  first  report,  an  octavo  pamphlet  of  45  pages 
with  an  appendix,  was  submitted  in  November  of  the  same  your.  This 
was  devoted  mainly  to  economic  considerations,  and,  aside  from  a  few 
Dotes  on  rock  weathering,  contained  little  of  geniTiil  interest.  His 
final  report,  which  appeared  in  1849,  will  be  noted  later, 

i        Taomey  was  liorn  in  Ireland  in  11^05,  and  went  to   KnglamI  when 

I    about  17  years  of  age,  shortly  afterwards  timing  U>  America.     He 

r  first  settled  near  Philadelphia,  going  thence  to  MiirvUnd,  where  he 
served  for  a  time  as  a  tutor  in  a  private  familj-.  Ho 
■kateb  bi tbob*)'.  entefetl  the  Kensselaer  school  in  New  York,  and  after 
graduation  went  South. .lening  first  as  an  engineer  on 
a  railway  in  North  Carolina  and  aftei-wards  as  a  teacher  in  Virginia. 
His  love  for  natural  history  led  him  to  make 
collections -of  fossils,  which  brought  him  in 
eoDtact  with  Sir  Charles  Lyell,  .lames  Hull. 
4.  D.  Dana,  and  others,  and  he  shared  with 

I     Rogers  the  honor  of  diwovering  the  infuso- 

I     rial  l>eds  near  Richmond  and  Petersburg. 

;  In  1844  he  became  State  geologist  of 
South  Caroltnia,  as  already  nicntiuned,  and, 

'  in  1847,  was  appointed  professor  of  geology, 
mineralogy,  and  agricultural  chemistrv  in 
the  University  of  Alabama;  in  1848  receiv- 
iag  in  addition  the  appointment  of  State 
geologist.  As  a  teacher  Tuomey  is  repre- 
sented to  us  as  possessing  in  a  remarkable 
degree  the  faculty  of  iniei'esting  the  student, 

those,  even,  who  took  no  particular  interest  in  the  subject- ma ttj>r  of  his 
lectures.  His  native  Irish  wit  did  much  to  render  his  lectures  enter- 
taining, especially  to  those  who  wt>rc  not  the  victims  of  it,  he  l)cing 
particularly  unmerciful  in  his  rebukes  and  exposures  of  shams  and 
affectations. 

His  most  important  publications  are  liis  official  reports  on  the  geol- 
ogy of  South  Carolina,  and  his  joint  report  with  Dr.  F.  S.  Holmes,  of 
('harleston,  on  the  Pliocene  fossils  of  that  Stat4>,  the  latter  of  which 
appeared  in  1855. 

Prior  to  the  introduction  of  the  microscope  and  the  study  of  loi-k 
structures  bj  means  of  thin  sections  (about  1870)  views  regarding 
metamorphism,  particularly  such  as  arc  due  to  sheering  stresses  in 
the  older  crystallines,  were  naturally  s<miewhat  vague.  With  rocks 
t^Kifineof  giain  to  allow  a  determination  of  their  structure  and  mineral 
miupoBition  by  the  unaidctl  eye,  only  mode  of  ()ci'uvv(>\w(>  vw\W  \w 


—Michael  TiiomL..v 
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relied  upon  to  give  a  clew  to  their  origin,  and  it  was  not  until  the  thin 
sections  made  it  possible  to  sometimes  trace  a  distinct  gradation  from 

schistose  and  foliated  rocks  of  decidedly  metamorphic 

Dami's  VIewi  on  ...  «    i  *      ,   . 

Meumorphism.        aspcct  into  massive  eruptives  of  the  same  ultimate  com- 
position that  a  feeling  of  doubt  l>egan  to  arise  in  the 
minds  of  observers  regarding  the  assumed  sedimentary  origin  of  the 
gneisses  and  crystalline  schists. 

It  was  during  this  prematinal  period,  as  Rogers  might  have  termed 
it,  that  J.  D.  Dana  came  out  with  a  suggestive  paper  in  the  American 
Journal  of  Science  on  the  analogies  between  the  modern  igneous  rocks 
and  the  so-called  Primary  formations  and  the  metamorphic  changes 
produced  by  heat  in  the  associated  sedimentary  deposits.  The  con- 
clusions arrived  at  were  based  upon  observations  made  during  the 
Wilkes  exploring  expedition,  and  the  exciting  cause  of  a  paper  at  this 
time  would  appear  to  have  been  the  somewhat  varying  views  recently 
put  forth  by  Lyell. 

Dana  argued  that:  (1)  The  schistose  structure  of  gneiss  and  niiea 
slate  was  not  necessarily  an  evidence  of  sedimentary  origin;  (2)  that 
some  granites  having  no  tnu^e  of  a  schistose  structure  may  have  had  a 
sedimentary  origin;  and  (8)  that  the  heat  producing  metamorphijsm 
was  not  applied  from  beneath  by  conduction,  but  was  leather  due  to 
heated  waters  of  the  ocean  which  permeated  the  rocks.  As  confirma- 
tory of  the  first  he  called  attention  to  the  panillel  arrangement  of  the 
minerals  and  the  consequent  })laty  structure,  with  a  tendency  to  split 
along  certain  lines,  which  were  souK^tiines  found  in  volcanic  and  other 
igneous  rocks.  The  })ossibility  of  a  schistose  structure  due  to  dynamic 
(shearing)  causes  was  not,  liowever,  suggested. 

His  ai'guinent  for  the  possible  metamorphic  origin  of  certtiin  gran- 
ites was  bascMl  upon  th(^  fact  that  some  of  the  basaltic  tuff's  observed 
by  him  in  th(»  Andes  and  in  ( )n^g()n  had  become  so  indurated  that  their 
fragniental  origin  was  almost  wholly  obscured.  He  felt  that  if  rocks 
of  this  type  could  be  so  remodeled  or  rehai'dened  as  to  be  scarcely  dis- 
tinguishable from  the  parent  rock,  sedimentary  deposits  of  granitic 
origin  might  undergo  a  likc^  change. 

His  argument  against  nietaniorphisni  bv  dry  heat  was  enforced  by 
calling  attention  to  the  low  conducting  power  of  stone,  which  is  such 
that  heat,  even  to  the  ])oint  of  fusion,  mav  be  transmitted  onlv  a  few 
inches.  "Lavas  mav  Ix^  heated  to  a  red  heat  within  a  vard  of  the  sur- 
face  and  still  be  so  cool  above  that  the  bare  foot  may  walk  upon  them." 
He  beli(n'ed  that  subterranean  waters  or  watei*  on  sea  liottoms  mitrht 
l)ecoine  so  heated  by  '*  volcanic  fires''  as,  on  permc^ating  the  rocks,  to 
l)ring  about  the  nietaniorphism.  This,  of  course,  would  mean  that  the 
gneissic  rocks  w(M'(^  not  necessai'ily  deep  seated  (hy})Ogene),  as  held  by 
LycOl,  l)ut  analogous  to  other  rock  formations  deposited  and  solidified 
at  or  near  the  surface. 
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In  a  paper  read  before  the  fifth  session  of  American  Geologists  and 
Naturalists  in  1844,  Prof.  Edward  Hitchcock  descril>ed  a  trap  tufa 
differing  from  '^common  trap'"  in  l)eing  conglomerate  and  apparently 
KidHDpck  on  tbe  carr^Mug  organic  remains.  He  believed  that  this  was 
CMMcucot  Valley  produced  before  the  main  ridges  of  trap  along  the 
iiscrau,  IS44.  Connecticut  River,  bv  precursory  outbursts  of  ])umice, 
scoria,  ashes,  and  melted  matter  falling  over  the  l>ottom  of  the  ocean, 
where  it  became  admixed  with  sand  and  gravel.  After  this  layers  of 
sandstone  accumulated  over  it,  and  finally  the  main  ridges  of  tmp  were 
protruded  through  the  strata,  tilting  them  up. 

He  regarded  the  dip  of  the  sandstone  in  the  valley  as  due  in  part  to 
elevation  by  the  protrusion  of  the  trap  and  in  part  to  the  lifting  and 
lateral  movements  of  the  adjoining  primary  ridges.  He  felt,  however, 
that  the  sandstone  might  have  been  originally  deposited  on  a  slightly 
inclined  plane.  This  last  view  brings  up  a  matter  which  seems  often 
to  have  seriouslj'  troubled  the  earlier  geologists,  and  which,  so  far  as 
the  literature  shows,  was  never  solved  for  itself,  but  became  lost  sight 
of  as  other  and  satisfactory  means  of  acco'inting  for  the  phenomenon 
were  olwerved.  This  relates  to  the  inclined  position  of  strata-  how 
much  of  it  was  due  to  original  (lejH)sition  and  how  nuich  to  upheaval. 
Cleavoland,  it  will  be  rememlHMed,  in  his  work  on  geology  and 
minemlogy,  18U),  expressed  a  doul)t  as  to  whether  the  inclim^d  ])osi- 
tioii  of  strata  was  original  or  du(»  to  souk*  pow«»rful  cause  whicli  had 
elevated  them  from  horizontalitv.  Maclure  in  lS!>r)  suggested  that  the 
dip,  8o  far  as  the  transition  rocks  were  con(*erne(l,  might  result  from 
their  having  been  laid  down  on  a  primitive  floor,  conc(»rning  the  ])osi- 
tionof  which  nothing  was  known.  Hitchcock,  it  will  be  noticed,  with 
his  usual  caution,  felt  that  both  ciiuses  might  have  been  instrumental 
in  producing  the  dip  observed. 

At  the  same  session  at  which  llitclicock  read  the  paper  noted  above, 

Benjamin  Silliman,  jr.,  presented  a  report  On  the  Intrusive  Trap  of 

the  Xew  Red  Sandstone  of  Connecticut.      His  conclusions  were  to  the 

effect  that  the  sandstone  was  let  down  from  suspension  in  wat(»r  in 

tbe  inclined  position  which  it  now  occupies  and  that  it  had  suffered  no 

change  in  dip,  excepting  in  immediate  connection  with  the  injection 

of  the  trap  rocks.     He  considered  it  probal)le  that  the  strata  were 

deposited  by  a  primeval  ocean  current  setting  from  the  soutliwest  and 

west.     Subsequent  to  this  accunuilation  and  consolidation  the  lower 

primary  rocks  were  disrupted,  the  igneous  rocks  injected  through  the 

fissures  and  distributed  along  the  lines  of  least  resistance  in  the  s(»di- 

mentary  strata — that  is,  along  and  up  the  plane  of  the  dip,  thereby 

lifting  the  strata  parallel  to  the  dip  from  the  beds  on  which  th(»v  had 

before  reposed.     At  the  same  time  there  were  produced  in  the  upper 

strata  fissures  and  transverse  cracks  which  w^ere  filled  with  th(»  molten 

trap.     This  injection  he  thought  was  probably  continued  during  a 


1 


390  REPf)RT    OF    NATIONAL    MCSEUM,  1904. 

long  I>eriod.  but  all  referable  to  the  same  geolo^cal  epoch  and  anterior 
to  the  elevation  of  the  strata  in  which  it  occurred. 

After  the  deposition  and  injection  ceased  and  the  elevation  of  the 
present  continent  had  commenced,  denudation,  induced  by  a  northerlj 
current,  .^et  in,  the  current  itself  being  due  to  the  flowing  off  of  the 
oceanic  waters  incidental  to  the  elevation  of  the  present  continent. 
By  this  denudation  the  soft  shales  and  other  materials  were  removed 
and  the  trap  ridges  developed.  Thus,  deposition,  intrusion,  uplift, 
and  erosion  were  all  included  within  a  single  epoch. 

EoLvW  s(>eculations  regarding  the  origin  of  the  earth,  though  largely 
fanciful,  were  founded  upon  the  brief  outline  of  a  series  of  events  as 
chronicled  in  the  tirst  chapter  of  Genesis.     Theories  regarding  earth 

development  and  its  probable  destiny  other  than  its  1 
Atmosphere  Of  the     catastrophic  annihilation  through  Divine  wrath,  as  a 

Coal  Period.  1844.  .,^i.  .*.,  ,  ^ 

punishment  for  smful  man,  were  slow  to  appear. 
When  such  did  appear,  however,  they  were  founded  upon  a  much 
more  sciontitic  basis. 

That  a  mutual  reaction  was  going  on  constantly  between  the  super- 
ficial portions  of  the  e^rth  and  its  surrounding  atmosphere  was  doubt- 
less realized  by  all  of  those  who  wrote  on  the  w^eathering  of  rocks  and 
the  fonnation  of  soils;  but.  so  far  as  known  to  the  present  writer,  H.  D. 
Rogers  was  one  of  the  first  of  American  geologists  to  show  by  direct 
culcuhition  that  the  earth  had  been  in  the  past,  as  at  present,  robbinjj 
tli(*  atni()s})hcre  of  some  of  its  constituent  parts  and  gradually  storinj^ 
them  up  in  its  solid  erust." 

At  the  AV^ashiiigton  meeting  of  the  American  Association  of  Geolo- 
gists and  Naturalists  in  May,  18+4,  Professor  Rogers  su])m  it  ted  a  com- 
munication on  the  probable  ('onstitution  of  the  atmosphere  at  the  period 
of  the  formation  of  the  coal.  He  estimated  that  the  amount  of  carbon 
(»xisting  in  the  atn]os})here  to-day  in  the  form  of  carbonic  acid  would 
beoidy  sufficient  to  furnish  through  vegetal)le  action  about  850,OO0,(XK> 
tons  of  coal,  while  the  })robal)le  (juantity  of  this  substiince  in  existence, 
all  of  which  must  have  been  (elaborated  from  the  ancient  atmosphere, 
was  nearly  5,0()(),()()0,<)()i)  tons;  that  is  to  sav,  about  six  times  what  the 
present  atmosphiM-e  would  produce.  So  great  a  reduction  in  the  car- 
bonic acid,  implying  a  corresponding  augmentation  of  ox^^gen,  is  felt 
to  be  a  matter  of  great  interest  in  geology,  as  showing  that  every  modi- 
fication in  the  constitut  ion  of  the  air  had  adapted  it  to  the  development 
of  animals  })r()gressively  higher  in  the  scale  of  organization. 

Of  all  th(»  New  England  States  Vermont  was  the  last  to  become 
infected  with  a  d(»sire  for  a  geological  survey,  and  it  w^as  not  until 


'/ Vaniixciii  in  1827,  while  coniiected  with  Soutli  Carolina  College,  pointed  out  the 
probable  clumge  in  the  atmosphere  during  geologic  time  through  the  absorption  by 
the  earth  of  nitrogen  and  oxygen,  and  alw)  the  probability  of  a  warm,  moist  climate 
during  the  period  of  coal  formation.     (American  Journal  of  Science,  XII,  1827.) 
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44  that  the  final  »t«p»  were  taken  resultintf  in  the  appointment  of 
n>f .  C  B.  Adams  tm  State  geologist.  AdariiH  was  ediioatcd  at  Phillips 
cademy  and  Amherst  College,  uml  subspiiiieiitly  attended  the  theo- 
logical seminar}'  at  the  last-named  plat-e.  In  1836  he 
ivMM^'iMir*  became  a  tutor  at  Amherst  and  for  a  brit-f  jjeriod  was 
assistant  to  Professor  Hitchi'ock  in  hiu  work  on  the 
geological  survey  of  New  York.  When  appointed  State  geologist  of 
Vermont  he  selected  Zadock  Thompson  as  his  chief  assistant,  Denison 
OInuted,  jr.,  and  later  T.  Starry  Hunt  aiding  in  mineralogy  and  chein- 
istn'.  Bev.  S.  K.  Hall,  of  Craftshury,  was  employed  to  look  after 
the  agricultural  features.  Up  to  March,  1S4S,  the  survey  continued 
in  ft  fairly  prosperous  condition,  a  large  amount  of  material  t>eing  col- 
lected, both  in  the  way  of  specimens  and  notes,  but  at  the  session  of 
the  legislature  for  this  year  appropriations  were  for  sonic  reason  with- 
held and  the  work  stopped.  Four  reports  in  all  were  i-ssued.  the  last 
■  mere  pamphlet  of  eight  pages. 

The  purpose  of  the  survey,  as  stat«d  in 
the  first  report,  was  to  collect  and  analyze 
the  soil,  the  simple  minerals,  both  of  eco- 
Domic  and  scientific  importance,  and  to 
make  investigations  into  the  chai-actiT  and 
limits  of  the  geott^ical  formations.  Tlie 
reports  on  the  whole  were  extremely  fnig- 
mentari-.  Doctor  Adams  dying  Iw^fore  the 
manuscript  of  the  final  n'poit  was  pre- 
pared, a  large  part  of  his  work  was  lost, 
this  mainly  owing  to  the  fact  that  he  took 
lis  notes  in  a  "  {>eculiar  shorthand,  which 
mly  be  could  read."  As  suggested  by  Pro-  Fm.  wi—ohBrk 
'essor  Thompson,  it  would  hiive  rt'<itiireil 
Qore  lalior  tti  decipher  his  noti-s  tliaii  to  go  over  the  ground  anew. 

The  second  annual  ix'port  was  prejMired-  as  was  not  infrequently 
he  case  at  that  date — in  the  form  of  a  geneiiil  treatlw  on  geology, 
md  began  with  an  elementary  chapter  which  dealt  with  all  subjects 
-elating  to  geological  phononiena,  whether  applicable  to  the  .State  or 
lot.  The  views  advanced  wei-e  th<jsc  given  liy  llie  text-l>ooks  of  the 
period  and  need  not  be  mentioned  in  detail.  An  ideal  siH'tion  from 
he  first  report  is,  however,  reproduced  here  as  illuMtmting  equally 
veil  the  rough  method  of  picture  making  with  which  the  early  work- 
ers had  to  content  themselves  and  the  crudity  of  ideas  relative  to  the 
«rtb's  crust  and  interior.  He  would,  indeed,  be  regarded  as  a  notice 
n  geology  to-day  who  would  not  at  first  glaiK-e  inquire  what  supported 
;he  mass  of  solid  mateml  repiesenti'd  as  testing  u|>on  the  molten  lava, 
fet  this  question  does  not  seem  at  this  time  to  \mvo  even  prt'sented 
Ifielf  for  consideration.     A  little  s|iace  was  devoted  to  the  subj»'ct  of 
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the  coiineotion  between  geology  and  the  Bible,  to  meet  the  wants  ol 
the  "many  well-meaning  persons"  who  were  disturbed  by  a  suppoetd 
incongruity  between  the  principles  of  geology  and  the  Mosaic  nam- 
tive.  A  very  abstruse  explanation  of  concretionary  structures  wii 
offered,  Adams  failing,  as  did  many  of  his  contemporaries,  to  disrrimi' 
nate  between  concretionary  structure  as  it  is  now  understood,  and  ce^ 
tain  forms  a.'^sumed  by  igneous  rocks  and  due  to  contraction  in  cooling. 
Thus  he  considered  columnar  structure  in  basaltic  ro<:ks  as  a  peculiar 
form  of  concretion  which  was  due  to  lateral  pressure  such  as  mi^ 
exist  between  rtpheres  compressed  at  the  sides. 

Agassiz's  glacial  theories  had  heen  apparently  without  effect,  even  if 
they  were  known,  and  icebergs  were  considered  as  sufficient  to  account 
fo^  all  the  phenomena  of  the  drift. 


^ 
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Fio  37— W  Hl«e  [   heCruKt    I  h    Fjirth       A.I  et      B  Alatns.) 

EiPLUATiONS.— UnstmlUud  niclu  of  IgneiiUB  otlglii:  U,  sranitc;  Sn,  aeiolte;  Pr,  poipbyry;  Tp.  Inp 
roplta;  Td,  a  trap  djrke:  L,  1«™,  with  it  volcano,  ir  c  beiiiK  llwiircii  through  Hhirh  Ihe  wairr  "( ll« 
•xetn  penL-lmt«!i  ft)  tlic  meltwl  lavs  lij-  ItspoiivcBluii  into  KiKiim.  rausing  coithqiiKk«i  and  crur- 
tIcinK.    StraliQiil  nx-kH  |  n.'i>nvwiili.-il  liy  purallul  JiDv:-^  iif  iii|U(i>u?i  origin;  Vr  S,  piimary  iiInu>TT, 


III  ly4".  the  year  bcforo  tlif  riosing  of  the  survey,  Adams  had 
accepted  a  ]»rof('ssorslii|»  iil  AniluTst.  and  in  1653,  in  lonjunction  with 
Alonzo  Gniy.  piiUlishcd  as  u  text-book  an  Elements  of  (jpology.  h 
duodecimo  volume  of  3i)0  pages.  Here  his  geological  work  seems  to 
have  ceased.  Indeed,  from  the  date  of  the  abundonment  of  the  Stale 
-survey  he  devoted  himself  mainly  to  zoology,  and  particularly  to 
ironclioh>gy,  making  large  collections  esju'cially  rich  in  West  Indian 
and  Central  Amcncari  fiirins.  While  at  Ht.  Thomas,  on  one  of  his 
ciiUccting  trips,  lie  contnicted  yellow  fever,  from  which  he  died  in 
lfiJ3.  He  is  described  as  a  man  of  sturdy  build,  medium  height,  with 
largo,  black  eyes  and  black  hair.  .V  man  of  tremendous  physii^al 
enduiimce.  knowing  ncitlicr  fi'ar  noi'  what  it  was  to  he  tired;  but, 
withal,  a  ipiiet  and  self-contained  demeanor. 

Thompson.  Adiini>"s  chief  assistant,  is  represented  to  us  as  a  man 
jKior  ill  this  world's  goods  as  well  as  in  general  health,  and  modest 
ahiiiisl  to  a  fault -one  who  from  childhootl  had  shown  a  jtassion  for 
writing  luniks.  His  first  publications  were  almanacs,  which  he  him- 
self sold  while  Imveliiig  on  foot  alxiuL  the  country.     It  is  told  of  him 
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ttat  when  at  one  time  interrupted  by  his  clerk  with  a»  inquiry  &s  to 
Hit  prediction  that  should  be  made  in  the  forthcoaiing  issue  for  the 
weather  for  July,  he  replied  somewhat  testily,  "Say 
SS5«^**"*        'Snow  about  this  time.'"     So  it  ntood  in  the  printed 
almfloacs,  as  issued  from  tho.  preijs,  and,  to  the  aston- 
ishment of  all,  including  both  printer  and  author,  snow  did  fall  in 
Vermont  that  year  in  the  month  of  July. 
The  industry  of  the  man  was  remarkable.     He  graduated  from  the 

University  of  Vermont  at  the  age  of  27.  lie  published  an  arithme- 
tic, a  geography  and  map  of  Canada  for  uue  in  the  common  schooU; 

became  in  1832  editor  of  the  (ireen  Mountain 

Kepository;   wrote  a  history  of  Vermont, 

which  appeared  the  same  year;  studied  theol- 
ogy, and  took  deacon's  orders  in  the  Protes- 

tint  Episcopal  Church  in  1836.   He  preached 

for  a  time  and  returned  once  more  to  his 

book  writing,  first  publishing  in  three  vol- 

uniesa  Natural, Civil,  and  Statistical  History 

of  Vermont;  then  a.  text-book  on  the  (ieol- 

1^'  and   Geography  of   Vermont;    finally 

becoming  an  assistant  to  Professor  Adams 

on  the  State  survey  in  1845.  when  his  gi-o- 

logical  work  really  began, 
"Tall,  angular,  of  a  very  quiet  and  sedste. 

yet  very  pleasant,  manuer,  a  man  of  most 

smiabie  and  sweet  temper,  loved  by  all  whtt  kn» 

his  sound  sense  and  at'curate  judgment."  Such  is  the  picture  given  us 
of  him,  who  certainly  was  one  of  the  most  reniiu-kable  men  of  his  times 
although  his  name  may  not  stand  the  highest  in  the  annuls  of  geology. 
Under  the  caption  of  "  Description  of  a  singular  cu^e  of  dispersion 
of  blocks  of  stone  connected  with  the  drift  in  Berkshire  County, 
Massachusetts,"  Dr.  Edward  Hitchcock  described  in  the  American 
HHcbcocfc'*  Journal  of  Science  for  1845  a  remarkable  train  of  gla- 

tSSSSatStM^  '^'*'  Ix>wlders  extending  from  Fry's  Hill  in  the  Cuniuui 
Traia,  IMS.  Mountains,  of  New  York,  southeasterly  into  Ma.ssa- 

chusetts  for  a  di.itance  of  some  15  or  20  miles. 

The  lithol<^icaI  nature  of  the  Iwwiders  was  such  that  they  could  all 
be  traced  to  a  common  source,  though  described  aa  forming  three 
somewhat  meandering  trains  extending  fi-om  Fry's  Hill  above  men- 
tioned, through  the  adjoining  viilley,  and  upward  over  an  elevation  of 
800  feet  at  the  State  line,  across  the  Richmond  Valley  and  over  Len- 
nox Mountain,  600  feet  in  height,  to  and  over  Beartown  Mountain, 
1,000  feet  in  height. 

Naturally,  so  striking  a  phenomenon  excited  investigation,  and, 
naturally,  too,  Doctor  Hitchcock,  in  the  then  existing  condition  of 


V  him,  and  respected  for 
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kiiuwtedge  rejrarding  glnciiil  tmiiNporlatioti,  found  difficulty  in  accouut 
ing  for  tlii*  Mume.  He  rocognized  the  Niniilarity  of  the  tmiDH  to  the 
lateral  glacial  iiioniini.>s  dpstTil)ed  by  Aga.ssiz  in  his  EUid^v  «ur  Im  Gla- 
ciers, which  had  appeared  live  yoarn  previously,  but  could  not  con- 
t-eiveof  a  glacier  tniveling  directly  acrosnthe  intei^ening  ridge**, even 
were  the  mountains  in  the  vicinity  of  sufficient  altitude  to  give  riite  to 
the  same.  Neither  did  the  consideration  of  river  drift  or  floating  ioe 
affoM  him  a  ttatisfactorj 
(ionclu»ion.  '^  In  abort, 
I  find  6o  many  difficul- 
ties on  any  Kupposttion 
which  I  may  make  that 
I  prefer  to  leave  the  case 
unexplained  until  more 
analogous  facti^  have  I 
been  observed."  ' 

IJnaatiafactory  and  ap-    i 
parentlyuniniportantu    I 
the  paper  may,  at  tir«t    \ 
thought,  seem,  it  \a  men-    I 
tioned  here  on  aecoiint 
of  the  extraordinary  ex- 
planation  of   the.   phe- 
nomenon offered  l)y  the 
Rogers    brothers   three 
years  later  (see  p.  4ii3). 
In  the  American  Jour- 
nal of  Stiienee  for  1S45 
W.  W.   Mather,  whose 
work  ill  New  York  and 
Ohio  haa   l>een   already 
iiieiitioiicd,  published  a 
paper  on   the   physical 
geography  of  the  I'nitcd  Stales  in  whit-h  he  still  further  elaborated 
some  of  the  interesting  and  nither  uuiiiiie  ideas  regarding  the  origin 
„.,,. ,„.  of  the  secondarv  rocks  and  the  elevation  of  islands, 

mflther  on  the  ' 

th'/i'^eSstlitSi "'    'ontiiients,  mid  nioiintiLiri  chains  which  he  there  put 
'**'■  forth.     These  nmy  l>e  refprrwl  to  in  considerable  detail. 

Mather  again  argued  on  the  liiisis  that  the  earth  is  a  cooling  IkkIv, 
contracting,  and  hence  undergoing  an  increased  velo<;ity  of  rotation 
upon  its  axis.  The  olilateness  of  its  sphei'oidal  form,  due  to  the 
increase  of  ceiitrifngiil  force,  would  therefore  induce  a  How  of  water 
fioni  the  polar  to  the  ttoplcul  regions,  and  as  the  earth  revolved  from 
west  Ui  east  these  currents  from  the  poles  would  bend  more  and  more 
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the  westward  as  they  advanced  to  lower  latitudes.  On  the  other 
the  water  in  the  Tropics,  being  j^radually  expanded  through 
would  tend  to  flow  off  toward  the  |>ohir  regions. 
-These  currents  he  regarded  as  having  acted  throughout  all  the  time 
the  ocean  occupied  its  present  bed,  and  to  them  he  would  ascribe 
mechanical  distribution  of  many  of  the  sediments  making  up  the 
ndary  rocks.  Considering  only  those  currents  that  constitute  the 
torial,  the  Gulf  Stream,  and  the  Labrador  Current  in  the  Atlantic, 
thought  to  show  that  the  materials  constituting  the  immense  mass 
sedimentary  rocks  between  the  primary  ranges  north  of  the  Great 
es  and  the  Gulf  of  Mexico,  and  between  the  Blue  Ridge  and  the 
ky  Mountains,  were  deposited  within  the  great  eddy  due  to  their 
rference. 
The  red  sandstone  formations  extending  from  Carolina  to  Stony 
int  on  the  Hudson  he  believed  to  have  been  formed  through  the 
porting  power  of  the  Gulf  Stream,  its  northward  extension  hav- 
been  cut  off  by  a  polar  current  flowing  through  the  Champlain 
Hudson  River  vallevs.  The  looselv  consolidated  material  now 
as  glacial  drift  he  seemed  also  to  regard  as  having  been  trans- 
ported and  deposited  through  the  same  agency.  The  coal  })(»ds  of  the 
Qtstem  and  central  portions  of  the  United  States  he  regarded  as  formed 
[^•tthe  bottom  of  the  ocean  in  which  great  eddies  occurred,  and  where 
;  plants  brought  from  the  Tropics  and  other  sources  would  float  and  circle 
'  %hout  until  they  sank.  He  noted  that  these  beds  were  based  upon  a 
:  sandstone  which  at  the  outcrop  of  its  edges  on  the  coal  basins  was 
much  coarser  and  sometimes  a  conglomerate  or  coarse  pudding  stone, 
while  through  the  center  of  the  basins  it  was  nnich  tiner.  This  fact 
denoted  to  his  mind  a  stronger  current  on  the  exterior  of  the  coal  basins 
than  within  its  area. 

Concerning  the  regions  over  which  the  polar  currents  were  supposed 
to  have  flown,  and  from  whence,  as  a  consequence,  were  derived  the 
nuiterials  for  the  sedimentary  rocks,  he  could  say  little  from  actual 
observation.  Drawing  for  his  materials  mainl}'  on  the  writings  of 
travelers,  though  acknowledging  that  such  might  be  faulty,  he  never- 
theless pictured  a  scene  of  barrenness  of  the  entire  region  north  of  the 
St  Lawrence  and  Great  Lakes  and  from  Newfoundland  to  the  Stony 
Mountains  such  as  is  equaled  only  by  that  given  by  II.  II.  I  lay  den  in 
his  attempt  to  account  for  the  deposits  of  the  coastal  plain  (p.  25(5). 

Althoagh  the  quotations  from  travelers  lack  ttiat  accurate  examination  that  in  nec- 

easary  to  a  determination  whether  the  surfaces  thus  described  have  bei'n  exposed  to 

the  action  of  violent  and  long-continued  currents,  yet  they  have  their  weijjht.    When 

considered  in  connection  with  the  effects  of  known  physical  causes,  it  is  rendered 

more  than  probable  that  the  currents  under  consideration  have  flowed  from  the 

polar  regions  toward  the  equator  and  from  the  Tropica  toward  the  poles  when  tins 

continent  was  beneath  the  ot^ean,  and  that  the  matter  whi<'h  composed  the  deposits 

ot  the  sedimentary  rocks  of  the  United  States  was  washe<i  away  by  these  great  equi- 
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libriatiug  currents  from  the  be<i  of  the  ocean,  from  reefs,  islands,  and  coasts,  and 
finally  deposited  from  suspension  over  the  great  area  where  we  now  find  it  expoead 
to  observation. 

The  probable  cause  6t  the  elevation  of  the  land  he  thought  to  be 
secular  refrigeration  accompanied  by  contraction,  whereby  a  gradually 
accumulating  tension  was  finally  overcome  by  a  yielding  of  the  solid 
strata,  such  being  regarded  as  paroxysmal  and  productive  of  earth- 
quakes. At  the  same  time  a  sudden  increase  of  the  velocity  of  the 
earth's  rotation  would  result,  and  this  in  turn  would  increase  the  flow 
of  the  ocean  currents  above  mentioned. 

In  attempting  to  account  for  the  overturned  character  of  the  folds 
in  the  mountain  chains  of  the  eastern  United  States,  he  seems  to  liave 
actually  outdone  the  Rogers  brothers  in  fecundity  of  ideas.     He  wrote: 

Paroxysmal  elevation  and  the  action  of  inertia  <»ffer  a  satisfactory  explanation  of 
the  folde<i  axes  ami  oastwardly  dip.  Sujipost*  the  sudden  elevation  of  a  mountain 
mass  one  mile  in  height,  or  more  distant  from  the  axis  of  rotation  than  it  was  l>efore 
its  elevation.  It  would  still  retain  the  linear  velocitv  it  had  when  a  mile  nearer  the 
axis  of  rotation,  while  the  proper  linear  velocity  at  this  increast»d  distance  would  be 
•^  •  l]^-'  miles,  or  H9()  feet  greater  i>er  hour  than  th.at  which  it  had  before  its  elevation. 
Inertia  wouhi  therefore  cause  the  mass  at  the  top  to  press  to  the  westwanl  with  a 
force  [)ro|K)rti<mal  to  its  mass  and  the  above-mentioned  velocity,  and  at  intermediale 
heights  with  a  proportionally  less  momentum.  If  the  strata  1r»  capable  of  yielding, 
they  must,  when  elevated  in  highly  curved  wrinkles,  tend  to  fall  over  westward  as  a 
conse<pience  of  the  inthu'ncc  of  inertia  and  the  revolution  of  the  earth  from  wept  to 
eust  on  its  axis. 

Such  a  view  from  a  man  of  Mather's  tminintr  and  at  this  late  date 
certainly  seems  extniordinarv. 

Commentini^  further  on  the  effects  of  centrifiiofal  force,  particularly 
upon  bodies  of  ditl'erent  densities,  h(»  iir<^mMi  that  as  such  is  tjreatost 
under  the  equator,  any  subterranean  force  tending  to  elevate  portions 
of  the  earth's  surface  hv  their  elastic  tension  would  liere  be  most 
effective.  In  this  way  hv  would  account  for  the  supposed  fact  that 
most  of  th(»  hitrh(\st  mountains  art*  found  within  the  Tropics.  Reason- 
ino;  along  ttie  same  lines,  he  conceived  it  possible  tliat  tractures  might 
be  expcH'ted  to  develop  in  the  direction  of  circles  parallel  tx:)  the  equator 
at  a  distance  intermediate^  between  it  and  the  pohvs,  where  the  curva- 
ture resulting  from  the  revolution  of  the  earth  would  be  greatest. 

In  continuation  of  his  work  begun  in  IS^ii.T.  A.  Conrad  in  184-5  issued 
his  volinne  on  the  Medial  Tertiary  rormaiions,  the  general  plan  of  the 
work  conformint^  closelv  to  those  which  we  have  alreadv  considered 

(l)p.  H(M),   320,  and  :^54).      In  this  latter  work  he  de- 

Conrad's  Medial  '\         ,.,..,.  u    ii  i      ^ 

Tertiary  of  North       scril)ed  thcsc  formations  as  occupying  a  shallow  but 

America,  1845.  ^  •  i  •         •      ^  i       / 1      .l  i  i 

very  extensive  depression  in  the  L  retaceous  rocks,  the 
most  northern  localitv  known  beinif  Ciunberland  C'ountv,  New  Jersev, 
whence  it  extended  southward  in  a  very  connected  series,  spreading 
out  over  a  large  portion  of  the  Atlantic  seaboard. 
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The  nature  of  the  country,  its  sti*ata,  and  fossils  were  described  in 

detail.     The  most  interesting  part  of  the  paper,  from  our  8tandix)int, 

lies  in  his  remarks  on  the  theory  of  elevation  and  the  age  of  the 

deposits.     He  regarded  the  formation  of  each  Tertiary  division  and 

i    the  final  annihilation  of  its  fauna  as  a  very  gradual  operation,  taking 

place  in  quiescent  waters   and  having   no   connection  with  volcanic 

agencies  or  any  violent  movements  of  the  earth's  crust,  but  merely 

depending  on  changes  of  temperature. 

In  discussing  the  effects  of  these  temperature  changes  he  showed 
uome  peculiar  ideas  regarding  the  conductivity  of  rock  masses  and  the 
effects  of  cooling.  The  cold  penetrating  deep  into  the  igneous  rocks 
beneath  the  surface,  he  thought,  would  result  in  a  UMixinmm  amount 
of  crystallization  and  expansion,''  producing  thereby  a  slight  eleva- 
tion of  the  cnist.  Since  the  cold  penetrated  gi-aduall}^  he  argued  that 
the  elevation  would  also  ])e  gradual,  more  apprecia])le,  of  course,  dur- 
I  injr  epochs  of  unusual  cold.  In  brief,  crustal  elevation,  he  would 
f  have  us  believe,  was  induced  not  by  volcanic  agenc}^  but  by  ''the  all- 
powerful  and  pervading  influence  of  crystallization  in  the  primary 
rocks."  In  this  he  followed  what  he  calls  the  '\sublime""  theorv 
advanced  by  Vanuxem.  The  idea  that  the  abrupt  change  in  the  char- 
acter of  the  animal  life  at  the  close  of  each  geological  epoch  by  a  sud- 
den fall  of  temperature  was,  however,  avowedly  the  theory  of  Agassiz. 
In  connection  with  work  pertaining  to  the  Liberian  Colonization 
.Society,  in  1845-1848,  David  Christy  traveled  extensively  throughout 
the  eastern  and  middle  United  States.  Being  a  man  of  active  mind 
Dfevid Christy's  and  with  a  love  for  the  sciences,  lie  made  many  geo- 
oSmMtons.  logical  observations  which  were  tirst  embodied  in  a 

^^^^'  series  of  letters  to  Dr.  John  Locke  and  published  in 

the  Cincinnati  Gazette.  These  were  afterwards  issued  (in  1S48)  in 
pamphlet  form,  some  70  pages,  with  5  plates  of  fossils  and  three  geo- 
lo^cal  sections:  the  tirst  from  Mine  La  Motte  and  Pilotknob,  Mis- 
souri, to  Ilollidaysburg,  Pennsylvania;  the  second  from  Lake  Erie  to 
Pensacola  Bay,  and  the  third  from  Richmond,  Indiana,  through 
Oxford,  Ohio,  to  Beans  Station,  Tennessee. 

It  is  impossible  to  say  what  portion  of  the  information  given  in 
these  letters  can  be  claimed  to  l)e  strictly  the  result  of  original  inves- 
tigation or  observation.  As  stated  by  Locke  in  his  introductory  note, 
he  "referred  the  geological  formations  to  the  Blue  Limestone  of  Cin- 
cinnati as  a  kind  of  zero,  informing  us  whether  the  rocks  at  any  place 
are  al>ove  or  below  that  zero."  Locke  further  stat(\s  that  he  knew  of 
''no  other  individual  who  has  actually  drawn  approximate  sections  of 
the  strata  from  the  Atlantic  to  Iowa  and  from  Lake  Erie  to  the  (hilf 
of  Mexico;  most  of  this  work  ])eing  the  result  of  his  own  obst^rvations/' 
In   a  letter  addressed   to  M.  de  Verneuil   in    IS4T,   relative  to  the 


"  A«  a  matter  of  fact,  (Tystallization  in  Ji  rork  inngina  would  re^iult  in  rontniction. 
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erratic  rocks  of  North  America,  Christy  showed  himself  to  have 
a  c8ta.strophi!st.     Hp  believed  that  thore  liad  been  two  periods  of  < 
vation  of  the  Inml  in  the  history  of  the  continent,  with  an  intent 
subiner^eiK-c.     Tlie  se<'ond  and  last  emergence  lie  regarded  as  hET 
l«en  rapid  and  to  have  given  rise  to  the  swift  currents  which 
instrumental  in  producing  the  drift. 

In  the  spring  of  1S46.  A.  Wislizenus.  a  "German  by  birth  and: 

American  by  choice,"  left  St.  Louis,  Missouri,  with  the  int«ntioDi 

making  a  tour  through  northern  New  Mexico  and  upper  Califor 

for  thi-  purpose  of  examining  into  the  geography! 

Eitpiontiam In         goncriil   natunil    history  of    the   country.     Unforti-: 

natety  for  his  intentions,  war  lietween  the  Ut 
States  and  Mexico  hroke  out  wiitle  he  was  within  the  jurisdictionof 
the  Mexican  (lovernment.  and  he  was  fomi>elled  to  remain  within  the 
State  of  Cliihuahua  for  a  jieriod  of  six  months  or  until  the  arrit'ai  of 
the  American  troopw,  when  he  accepted 
jyisition  in  the  inediad  department  and  re- 
tnrnefi  with  it  liy  way  of  Monterey  to  tie 
States. 

Ili.s  opjKii:tunities  for  oliservation  were, 
naturally,  much  le.ns  than  was  atfin^t  antici-' 
piited.  and  his  geological  report,  amounting 
,  A  to  but  five  JKigeN  wai  published  as  a  partof 

^l^^jt^^^^       Semite  Miscellaneous  [)<K-ument  No.  2l>  of 
.^^^^^B^^^     111.' lliirlicMi  Congress  lirst  session. 
^m       ^^^^^^^  that        bltiffson  the  Arkxii-    | 

^m      ^^^^^^^^H     sas  xiiiie  :t4I  Indepi'ndenccH'ert' 

^^__^^^^^^^^|^BI  "f  '■  gi'iiyisli  conglomerate  limestone,  c^m- 
v\:.  lu— FniUrii k  Aii.iii'im-  taiiiiiig  fossils  which  ■veenied  to  lieloiifrto 
llii'  (.'rclaci'ous  formation."  Near  Las  Yo- 
gas he  found  a  dark  l.liu-  liiiicst.>Me  with  .-asts  of  h>'H:-r.>m>,^.  which 
wore  also  rcli'jriitcd  to  the  ('ri>lac-c<.us  siTies,  Near  Kl  l*aso  he  noted 
the]>res<'nceof  a  linicsloni'  i-ontniiiing  the  fossil  coral  V'dninojHini  and 
the  bivalvi'  shell  of  the  giniiis  It.rin'H.  which,  as  a  ccmsequence.  \w 
considered  as  lu'loufritifj  to  the  Silurian  formation.  The  presence  of 
numerous  eruptive  rocks  were  noted  and  an  outline  map  puhlishtnl. 
in  wliich  the  litliologieal  natuie  of  the  roi-ks  was  indicated.  The  nuip. 
it  sh..ul<l  )h'  noted,  ■■oruprised  the  area  lying  between  the  Arkansas 
and  tlie  Hi-,  (intude  I'ivers.  lail  extended  south  and  west  of  the  latter 
as  far  as  Monterey  and  Chihuuhua. 

The  tine  silt-like  ehanu-ter  of  tin-  superficial  deixtsits 

Sl."VSii.\'Mr"     "f  ""■  Mi^-i-^si,,|.i  Valley  ha<l  fre-inently  been  noted  by 

the  vnrioLis  geoli.gists  who  passed  over  the  region,  but 

it  remaine<l  for  Anios  liinney.  the  cnncliol.ifrist.  to  give  the  first  reii- 

simiibly  saiisfaetory  aeeuunt  ..f  its  probalile  origin.     At  a  meeting  of 
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the  Boston  Society  of  Natural  History  in  April,  1846,  Binnej'^ exhibited 
a  collection  of  fossil  shells  from  the  so-called  Bluff  formation  at 
Katchez^  on  the  Mississippi,  and  announced  the  belief  that  the  forma- 
tion was  analogous  to  the  Loess  of  the  Rhine  Valley  and  a  result  of 
fluviatile  action  rather  than  attributable  to  the  glacial  drift. 

In  1847  J.  D.  Dana,  who  from  the  beginning  of  his  career  had  shown 
a  disposition  and  ability  to  grasp  the  broader,  more  profound  ques- 
tions of  geology,  came  forward  with  two  papers  which  were  beyond 

question  the  most  important  of  the  year.     The  first  of 


OS  tlM 

gteaiRcsnitoof  these  had  to  deal  with  the  efeoloerical  results  of  the 
CMtractkMi  uid the  earth's  contmction  in  conseciuence  of  coolinef  and 
Fotaresoftbe         involved  the  acceptation  on  his  part  of  the  prevailing 

theory  that  the  earth  was  once  in  a  condition  of  igne- 
ous fluidity.  After  a  full  discussion  of  the  suljject  and  the  \iews  held 
by  others,  Dana  announced  it  as  his  belief  that  the  now  oceanic  areas 
were  at  one  time  the  most  intensely  heated  portions  of  the  crust,  and 
bad,  therefore,  on  cooling  undergone  the  greatest  amount  of  contrac- 
tion, and  that,  further,  the  mountain  mnges  and  main  fissures  along 
tbe  oceanic  borders  are  due  to  this  same  contmction.  Such  a  theorv, 
be  felt,  did  away  with  the  almost  preposterous  though  prevalent  idea 
tbat  continents  and  mountains  have  been  lifted  up  by  a  force  acting 
from  beneath,  a  force  which  could  not  be  satisfactorily  located  and 
aewunted  for;  a  theory  which  would  not  account  for  the  mountains 
retaining  their  positions,  even  did  it  offer  satisfactory  explanation  for 
their  first  production. 

He  showed,  further,  that  the  folding  and  faulting  of  the  strata  as 
described  by  the  Rogers  brothers  in  Virginia  and  Pennsylvania  could 
be  readil}'  act^ounted  for  on  the  theory  of  a  force  acting  laterally,  and 
tbat  such  folds  would  have  their  steepest  incline  on  the  side  farthest 
from  the  source  of  movement  and  would  also  be  most  abrupt  nearest 
this  source.     The  fac^t  that  such  result*^  Were  not  in  all  cases  uniform, 
be  conceived  as  being  due  to  variation  in  the  thickness  of  the  beds,  to 
a  want  of  uniformity  in  the  materials,  and  inequality  in  the  action  of 
tbe  force  upon  the  different  parts  of  the  line  along  which  it  operated. 
The  geological  epochs  were  regarded,  as  announced  in  this  same 
paper,  as  perhaps  due  to  the  alternation  of  prolonged  periods  of  quiet 
with  those  of  more  or  less  abrupt  change,  due  to  contraction.     The 
idea  that  mountains  might  be  produced  by  tides  and  paroxysmal  move- 
ments l>eneath  the  crust  (as  advocaU»d  by  II.  D.  Rogers)  was  set  asid(» 
on  the  ground  that  such  should  have  occurred  at  earlier  periods,  and, 
further,  it  would  not  account  for  the  principal  ranges  in  the  east  and 
west  of  the  continent.     In  many  of  the  views  he  here  advanced  Dana 
Agreed  with  those  previously  advanced  })y  the  French  geologist  Prevost. 
In  the  second  paper  referred  to,  on  the  Grand  Outline  Features  of 
the  Earth,  Dana  argued  ^'  that  the  great  chain  of  mountains,  as  w(»ll  as 
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of  islands,  are  interrupted   ranges  consisting  of  overlapping  lines, 
either  straight  or  curved,  and  that  curves  constitute  an  essential  feature 
of  the  system."     Ho  showed  that  throughout  the  system  of  outlines 
presented  l>y  the  earth  northwest  and  northeast  lines  are  prevalent, 
and  that  these  lines  are  usually  curved,  instead  of  conforming  to  the 
direction  of  a  great  circle.     He  apparently  accepted  the  theory  that 
the  course  of  mountain  ranges,  islands,  and  coast  lines  is  attributable 
to  the  courses  of  former  fissures  in  the  earth's  surface,  and,  in  dis^*usji- 
ing  the  ele<^tricjil,  contractional,  and  other  theoretical  caus«*s,  suggested 
that  if,  as  claimed,  curves  of  magnetic  intensity  on  the  earth's  surface 
are  approximately  isothermal  lines,  they  must  also  l>e  lines  of  equal 
cooling  and  hence  of  ecjual  contraction  and  tension.     But  whatever 
may  have  been  the  origin  of  the  fissures,  he  thought  there  could  be  no 
doubt  but  that  a  kind  of  cleavage  structure,  or  at  least  capability  of 
fracturing  easily  in   two  directions,  was  given  the  crust  during  its 
formation. 

The  c'onrlusioiiH  which  a|)])ear  to  flow  from  the  factn  that  have  been  prewent^l  are 
as  follows: 

That  the  general  <iirection  and  uniformity  of  the  grand  outline  features*  of  the  jrlobe 
may  \ye  in  a  great  tlegree  the  Himj>le  effects  <»f  the  eiirth^s  cooling,  this  operation 
resnlting  in  (1)  soli<iiHcation,  and  under  the  (tircunistances,  whatever  they  were,  an 
attendant  j(>inte<l  structure  or  courses  of  easiest  fracture,  in  two  directions  nearly  at 
right  angles  with  one  another,  l>oth  varying  according  to  the  rates  of  cooling  in  dif- 
ferent jmrts;  and  (2)  occasioning  tension  in  the  crust  through  the  contraction  goinjr 
on  l)encath,  with  some  relation  to  circular  an»as,  but  especially  to  large  comi>oun<l 
areas,  which  tension  caused  ruptures  cnnforming  c^r  not  to  the  lines  of  jointe<l  struc- 
ture a<-c<)rding  as  tljc  force*  of  tension  actc<l    in   accordance  with  this  structure  or 
ohliipiely  to  it.     {'V)  The  age  of  mountains  can  not,  therefore,  l>e  determined  neces- 
sarily liy  tlu'lr  coursi's;  a  different  direction  in  a  particular  region  in  differtuit  age:*  is 
not  imj)rol)al)l<\  since  the  same  contracting  area  might  exert  its  horizontal  force  in 
somewhat  different  directions  at  diffiTcnt  epochs,  or  other  such  areas  might  c(M»perate 
and  exert  a  modifving  inlluen<'e:  and  at  the  same  time  an  identity  of  direction  for 
different  ages  was  to  have  been  ex]>ected. 

Trof.  James  I).  Oana  was  born  in  Ttica,  New  York,  in  1813,  and  was, 
therefore,  practically  coiiteniixn'aneous  with  James  Hall.  He  bec^ime  a 
student  of  Professor  Sillimairs  in  1880  at  Yale  (College,  leaving  in  1833, 

somewhat  in  advance  of  graduation,  to  avail  himself 
Sketch ofj.n.  Dana,   of  an  oH'cr  to  criiisc  in  the  Mediterranean,  as  instructor 

in  mathematics  to  the  midshipmen  in  the  Navy. 

Tiie  lirst  paper  in  his  bil)li()gra])hy  was  published  in  183;")  and  gjive 
an  account  of  Vesuvius  as  seen  by  him  during  this  trip  in  1834.  In 
lS3r»  he  returncHl  to  New  Haven,  remaining  for  two  years,  the  latter 
])art  of  the  time  as  assistant  to  Professor  Silliman.  It  was  durinj^  this 
time,  scarcelv  four  vears  after  his  o-iaduation  and  when  but  twentv- 
four  years  of  i\g{\  that  he  brouo;ht  out  his  first  System  of  Mineralogy, 
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a  volume  of.  580  pages,  and  a  most  remarkable  wurk  fur  the  time  and 
the  conditions." 

From  1S3!»  to  1842  Professor  Dana  served  as  geologist  aud  minei-alo- 
gist  on  the  Wilkes  Exploring  Expeditkin,  and  for  the  first  thirte(?n 
years  after  his  return  devoted  his  chief  energies  to  the  studv  of  thi; 
material  collected  on  the  expedition  and  to  the  prepanitiiw  of  bis 
reports,  of  which  two— the  volume  on  geology,  756  pi^^s,  5  maps, 
and  21  plates  (1849),  and  the  one  on  crustaeeans,  l,t;'20  pages,  with  an 
atlas  of  96  plates  (1854)— are  monumental.  His  Ialx>r8,  hi>wever,  were 
not  limited  to  the  reports,  for  during  the  same  period  he  prepared  and 
issued  three  editions  of  the  System  of  Mineralogy  (1844,  1H.W,  1.S54) 
and  two  editions  of  the  Manual  of  Geology  (1S48,  1857),  besides  writ- 
ing numerous  papers  for  scientific  periodicals. 

In  1846  Mr.  Dana  became  au  editor  of  the  American  Journal  of 
Science,  assottiated  with  Prof.  Benjamin  Sillimait.  who  had  founded  it 
wenty-eight  years  before.  His  labors  in 
connection  with  the  Journal  continued  until 
the  close  of  his  life.  In  1850  he  was  ap- 
pointed professor  of  natural  history  in  Yale 
College,  and  in  1864  the  title  was  changed 
to  that  of  professor  of  geology  and  miner- 
alogy. His  duties  aa  instructor,  however, 
he  did  not  take  up  until  1«55,  but  afti>.r  this 
date,  with  some  interruptions  due  to  ill 
health,  his  active  connection  with  the  college 
continued  until  1890.  It  is  perhaps  well  to 
add  that  just  before  his  appointment  to 
Yale  in  1850  he  had  Iteen  invit«d  to  a  simi- 
I  lar  position  at  Cambridge.  Massachusetts, 
in  connection  with  Harvaid  College,  luit  by 

the  prompt  action  of  a  generous  friend  in  the  Vale  fm-ulty  in  provid- 
ing the  necessary  funds  he  was  induced  to  remain  in  New  Haven  and 
accept  the  "Silliman  Professorship." 

In  1859  long-continued  overwork  brouKht  a  breukilon'li  of  Hcnons  I'lianu-UT  anil 
from  which  he.  never  fully  recovered,  ami  althoi^h  later  hour'  degree  of  ln'Hlth  came 
bact,  he  was  always  subject  to  the  Bi>vorest  liniitatioux  until  thoenilof  hb  life,  Only 
thoBe  immediately  aseociated  with  him  could  appreciate  the  inexorahle  diameter  <if 
rht«e  limitations  and  the  self-denial  that  wn.-'  involved,  not  only  in  reetrictin):  work 
and  mental  eS«rt,  but  also  in  avoiding  inlerciiurw;  with  other  men  of  ccii'iice  and 
(rienilB  in  genera],  in  which  he  alwayw  found  th^  (jreatest  pleawire.     I.itlle  by  little 

"The  "System"  has  now  gone  through  cix  eiiitioiii',  though  aft»'r  IStiS  tlu>  work 
was  done  mainly  and  Anally  wholly  by  hid  son,  I'rol.  K.  S.  Dana,  now  profenwir  of 
Physics  and  Curator  o(  the  Mineralogical  Oillectlon  in  the  («nie  iinivt'rwity.  The 
lart  edition,  that  of  1892,  i^omprises  1,104  royal  octavo  pages  witli  over  1,400  tigiirea 
in  the  text. 
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the  |M)wer  for  work  was  n^sttjred  and  by  husbanding  his  strength  so  much  waeacoom- ; 
plisheil  that,  l)eHi<leH  other  writing?,  he  was  able  to  bring  out  in  1862  the  first  editioi 
of  his  Manual  of  Geology,  and  in  1864  the  Text-book  of  (ieology,  and  four  yeare liter  j 
his  last  and  most  important  contribution  to  mineralogy,  the  fifth  edition  of  the| 
*' System."  This  last  great  labor,  extending  over  four  years,  was  followed  byi 
turn  of  ill  health  of  an  alarming  character  and  from  which  restoration  was  agsia 
verv'  slow. 

The  years  that  ininie<liately  folio we<l  were  lilled  with  the  same  quiet  labor,  jjeo- 
logical  investigati(nis  in  the  field,  the  wTiting  of  original  papers  and  books,  the 
editorial  work  of  the  Journal,  and  his  duties  as  a  college  instructor. 

They  wore  remarkably  productive  years,  notwithstanding  the  diffi- 
culties contended  against,  notably  his  renewed  illness  in  1874  and  1S80 
A  large  number  of  important  papers  were  published,  chiefly  in  th 
Journal.  New  editions  of  the  Manual  of  Geology  were  issued  ii 
1874:,  1880,  and  iSDo;  of  the  Text-book  in  1874  and  i883;  whileanei 
g(H)logical  volume  called  The  Geological  Story  Briefly  Told  was  issue 
in  1875,  and  one  on  the  Characteristics  of  Volcanoes  in  1890,  after  hi 
second  visit  to  the  island.  A  second  edition  of  his  book  on  Corals  an 
Conil  Islands,  the  first  edition  of  which  appeared  in  1872,  was  ab 
brought  out  in  181)0. 

But  it  was  not  as  an  investigator  and  writer  only  that  Dana  achieve 
success.  As  a  teacher  he  seems  to  have  won  the  respect  and  regai 
of  all  with  whom  he  came  in  contact,  and  to  have  left  on  the  minds  < 
students— eviMi  those  who  had  no  tiiste  for  geology — ^a  lasting  an 
favoni))le  impn\ssi()n.  Many  of  his  sayings  in  class  lecture.s  wei 
epigmphic:  '"  1  think  it  better  to  dou})t  until  you  know.  Too  mar 
peoj)le  assert  and  then  let  others  doubt."  Again,  ''1  have  found 
best  to  be  always  afloat  in  i-egard  to  opinions  on  geology." 

Nor  can  we  ivgard  him  as  merely  a  geologist.  His  work  on  cru 
taceans,  (•omi)rising  l,r)20  pages,  witli  an  atlas  of  96  plates  (1S54 
shows  that  eiiual  i^uccess  could  have  l)een  attained  in  the  biologic 
Held  had  h(»  c1i(>s(mi  to  follow  it.  Tlie  mental  vigor  and  staying  powe 
of  the  man  were  simi)ly  extraordinary,  and  it  is  not  too  much  to  sf 
that  he  stands  out  head  and  slioulders  above  all  his  contempomries, 
not  above  all  who  preceded  him.  His  interest  never  flagged;  i 
problem  was  too  large  for  him  to  grasp,  no  detail  too  small  for  li 
consideration. 

It  would  s(»em  (juitc  extraordinary  that  two  men  who  have  done  ; 
much  for  American  g(H)logy,  whose  work  was  really  epoch  makin 
who,  without  doubt,  excelled  any  geologists  of  their  time  in  ability 
H.  D.  and  w.  B.  uiiravel  tlie  dillicult  structural  problems  of  any  regio 
Ri?hmond  ftSl^ider  should  liav(»  been  so  extremely  visionary  in  theoretic 
Train,  1848.  matters.     The  ])eeuliar  ideas  of  H.  D.  Rogers  on  tl 

subject  of  the  elevation  of  the  Appalachians  are  elsewhere  referi'ed  t 
I  wish  here  to  notice  their  equally  (extraordinary  ideas  regarding  tl 
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lerkshire  (Richmond)  bowlder  train,  lirnt  brought  Ut  notice  by  Hitch- 
ock  (see  p.  394). 

According  to  the  descriptions  now  given,  the  trains  utart,  ea«:h  from 
its  particular  depression  in  the  summit  of  a  high  ridge,  in  Canaim,  New 
York.     Taking  a  direction  S,  35°  E,,  they  cTotw  the  higher  ridges  and 


BnwldPrTrsin.    (After  E.  R.  Bcinon.) 


their  intervening  valleys,  the  longor  for  a  disfainie  of  "20  miles  and  the 
xborter  for  10  miles.  The  individual  ti-ains  arc  neither  of  them  more 
than  300  or  400  feet  iu  breath,  and  not  over  half  a  mile  asunder. 
The  transported  blocks  are  of  all  sizes  up  to  a*)  feet  in  diameter, 
sharpljr  angular,  free  from  scratches,  and  all  of  t.\i«  s&m^  \\\lac\Q^>»N. 
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nature,  identical  with  that  of  the  ridge  from  whence  they  start  That  1 
such  a  dispersion  of  l>owlder8  from  a  single  point  should  have  taken  i 
place  regardless  of  contours  is  certainly  enough  to  excite  the  interest  i 
of  anyone.  It  is  the  means  invoked  by  the  two  workers  which  have  ■ 
excited  our  wonder,  however. 

After  exhibiting  to  their  own  satisfaction  the  inadequacy  of  either 
the  iceberg  or  the  gla<'ial  hypothesis  to  account  for  their  production,  ; 
the  authors,  in  a  piper  before  the  Boston  Society  of  Natural  History  ; 
in  1848,  attempted  to  show  how  all  the  phenomena  might  be  explained 
V)v  the  theory  of  a  sudden  discharge  of  a  portion  of  the  Arctic  Ocean 
southward  across  the  land.  They  discussed  the  important  functions 
of  the  ^'wave  of  translation,"  showed  its  surpassing  velocity  and  great 
propulsive  power,  and  traced  the  influence  of  vehement  earthquakes 
near  the  iK)le  in  dislodging  the  northern  waters  and  ice  and  maintain- 
ing in  the  rushing  flood  these  vast  and  potent  waves.  They  then  sug- 
gested that,  at  a  certain  stage  of  the  inundation,  the  ice,  previously 
floating  free,  might  impinge  with  irresistible  violence  against  the  tops 
of  submerged  hills,  and  that  the  Canaan  Mountain  stood  precisely  in 
the  position  to  take  the  brunt  of  the  ice-driving  flood  as  it  swept  down 
the  long,  high  slope  of  the  distant  Adirondack  and  ai^ross  the  low, 
broad  valh»v  of  the  Hudson. 

Th(\v  then  ])roceeded  to  show  that,  at  the  instant  when  some  enor- 
mous ic(»  island  struck  the  crest  of  the  mountain  and  scooped  the 
trench  which  wc  thcM'o  boliold,  a  great  vortex  was  produced  by  the 
obstruction  thus  suddenly  thrown  in  the  path  of  the  current,  which, 
(Midow-ed  with  an  (excessive  gyratory  or  spiral  velocity,  was  capable  of 
sustaining  and  carrying  forward  th(*  greater  part  of  the  fragments. 
As  in  the  instance  of  the  water  spout  and  the  whirlwind,  the  whirl- 
pool would  gjtthcr  into  the*  rotating  column  the  projected  bloi'ks  and 
strew  them  in  a  narrow  path  in  the  line  along  which  its  i>endent  apex 
would  drag  the  ground. 

The  paper  terininati^d  with  an  ap])lication  of  this  idea  in  detail,  to 
the  exi)lanation  of  each  important  feature  of  these  trains;  to  their 
d(»flection  from  a  straight  line;  the  intermission  in  the  bowlders  at  cer- 
tain phuM's  in  the  train,  and  the  fact  that  some  of  the  blo<*ks  have  l)een 
violently  broken  at  the  moment  previous  to  their  final  deposition." 

Truly  there  were  catastrophists  in  those  days. 

\V(»  may  anticipate  1hm*(»  by  stating  that  at  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  in  1870,  Prof.  »!.  B- 


'Mn  ls.52  tlu*  Kn^li>h  ^ooloj^ist  Lyell  visite<l  thin  rogion  in  company  with  Jarue** 
Mall,  the  fonniT's  views  on  the  siil)je<*t  ])eing  puhlishod  in  1855  in  the  Pro<*eetling^ 
of  the  Royal  Institution.  lie  regarded  the  hyj)otliesisofglaeial  transportation  asoU^ 
of  the  (piesti<jn,  and  up[>arently  also  that  put  forward  }\v  the  Rogers  brothers,  for  Y^* 
made  no  mention  of  it.  His  (jwn  idra  was  that  the  large  erratics  had  been  trari^ 
jport^i  to  their  present  resting  plaee  by  WovLtmv^  coaftt  \w. 
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Perry  relid  a  t»per  on  glacial  phenomena,  in  which  he  referred  to  the^ 
tzftins  incidentally,  and  argued  that  they  were  part  of  the  true  glacial 

drift — tnol-ainal  material  deposited  by  the  melting  of 
tSLfin^"^'     'be  ice  sheet  of  the  glaciiil  epocli. 

Again,  in  1878,  Mr.  E.  R.  Benton  studied  the  trains 
in  considerable  detail,  and  in  the  Bulletin 
of  the   Museum  of  Comparative   Zoology 
published  a  detailed  description  and  map 

of  the  region,  from  which 
e^BMtoD'iWork,  jjig  ^^g  givpn   herewith  is 

reproduced.  Itenton  took 
the  ground  that  the  bowlden*  were  do- 
posited  by  the  ice  sheet  of  the  glacit 
period  at  the  time  of  itu  final  melting, 
tbe  direction  of  the  strice  on  the  iindcr- 
Inng  rocks  being  here  esdentiatlr  the  stinie 
IB  that  of  the  bowldci'  trains.  In  con- 
nection   with    his    invetttigationH,    Benton 

wrote  to  Prof.  W.  B.  Kogers   concerning        rm.  i3.— John  Bulk k-j- i-erry. 
the  \iews  above   advocated   by    him,   and 
received  in  reply  the  letter  from  which  the  following  nl»tti'a<'t  is  taken: 

At  that  time  (i.  e.,  when  this  paper  was  written)  paroxysiiiial  dyiianiirH  haii  iitill 
miD}'  advocates,  and  the  atteniptetl  expliinHtion  may  lie  iiitt'retitiiig  uh  a  HiMfiiiion  of 
the  bold  type  of  Bpeculation  in  which  t*omo  of  the  early  ^eoliigiiilasometiiiieH  veiitiireil 
toiadnlge.  But,  for  myself,  I  may  huv  that  Inn^ yearH  «(  oliM-ri-aticmuiuiiituily  make 
me  more  dietruBtful  of  our  knowledge  of  caui^H  ami  nion-  willinf;.  in  t^olony  tw  in 
otherthiagB,  to  labor  and  wait. 

It  will  be  remembered  that  in  1844  Michael  Tuomcy  wn»  a|)pointed 

Slate  geologist  of  South  Carolina,  a  position  which  he  continued  to 

hold  until  his  appointment  to  the  chair  of  geology,  mineralogy,  and 

agricultural  chemistry    in   the    $tat«   University   of 

^tb*(tooio«y  Alabama. 

A  preliminary  report  li&'4 already  been  noted  (p.  U87). 
The  final  report  appeared  in  the  form  of  a  volume  of 
293  pages  in  1848.  This,  with  the  exception  of  the  volume  on  the 
fossils  of  South  Carolina,  of  which  be  and  Doctor  Holmes  wore  joint 
authors,  was  the  most  systematic  and  pretentious  of  his  publication!^. 
This  sun-ey,  like  that  of  many  of  its  predecessors  in  other  Stjitos, 
was  undertaken  with  a  view  of  developing  the  agricultunil  resources 
of  the  Ktate.  The  condition  of  the  public  mind  toward  pure  science 
at  the  time  is  well  reflected  in  the  almost  pathetic  postscript  of  Mr. 
Tuomey  to  his  preface,  in  which  he  simply  states  that,  while  the 
report  was  paasing  through  the  presi^,  he  was  informed  that  the  plates 
containing  figures  of  faisils  hiid  not  liecn  consideivd  essential  by  the 
committee  on  publication  and  wore   theivfoi-e   omitted.     The  work 
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comprised:  (1)  An  introduction  of  59  pages,  given  up,  as  was  so  often 
the  case  with  these  earh^  reports,  to  general  geological  considerations 
and  as  applicable  to  any  other  region  as  that  at  hand,  and  (2)  the 
report  proper,  comprising  seven  chapters  (234  pp.)  and  an  appendix 
of  50  pages,  containing  a  catalogue  of  the  fauna  of  the  State.  It  also 
contained  a  geological  map  of  the  State,  the  first  to  be  issued. 

The  introductory'  chapters  are  interesting  only  as  refiecting  the  con- 
dition of  geologic  knowledge  at  the  time.     Tuomey  estimated  that  our 
actual  knowledge  of  the  earth's  crust  extends  to  a  depth  of  15  miles, 
measured  from  the  tops  of  the  highest  mountains.     He  adopted  the 
Kant-Laplacean  theory  of  the  origin  of  the  earth,  and  recognized 
slaty  cleavage  as  distinct  from  joints  and  sti*atitication,  regarding  it  as 
resulting  '"  from  the  tendency  of  the  simple  component  substances  of 
the  rock  to  arrange  themselves  in  crystalline  forms  at  a  time  when 
the  semifluidity  of  the  mass  permitted  a  certain  degree  of  motion 
among  its  particles."'     The  crystalline  structure  of  the  gneisses  and 
other  metamorphic  rocks  he  regarded  as  resulting  from  a  degree  of 
subterranean  heat  which,  although  intense,  did  not  destroy  the  lines 
of  stratification  or  bedding  which  they  received  at  the  time  of  their 
deposition.      In    his   table   showing   the   order  of   superposition  of 
fossiliferous  rocks,  he  divided  them  into:  (1)  The  Recent  or  post- 
Pliocene  period;  (2)  the  Tertiary;  (3)  the  Newer  Secondary  or  Creta- 
ceous; (4)  the   Middb*  Secondary,  including  the  Wealden  and  Lower 
Lias  with  the  intonuediatc*  beds;  (5)  the  Older  Secondary,  including 
the  Triassic:  (6)  the  Newer  Paleozoic,  extending  from  the  Magnesian 
Limestone  or  Permian  down  to  and  including  the  Lower  Carbonifer- 
ous shales:  (7)  the  Middle  Paleozoic,  including  the  Devonian;  and  (8) 
th(*   New  York  System  of  I'pper  and   Lower  Silurian,  including  the 
Chemung  and  Chaniplain  Division  and  intermediate  formations. 

In  the  part  of  the  rej)()rt  I'clating  to  the  geology  of  the  State  proper 
were  chapters  on  the  charactiM*  of  the  surface  rocks,  beginning  with  a 
discussion  of  the  granites  and  traps.  Attention  was  called  to  their 
extensiv(»  decomposition,  and  the  production  of  bowlders  through 
decomposition  along  joint  plains  is  described  and  figured.  The  occur- 
rence^ of  the  t]exibl(»  sandstone,  or  itacolumite,  was  noted,  and  it  was 
rightly  nnnarked  that  ''the  flexible  portions  of  the  rock  seem  to  be  in 
the  iiicipi(Mit  stages  of  disintegration."  The  gold  and  iron  mines 
rcH'civcd  ji  consideral>lc  share  of  attention,  and  a  map  was  given  show- 
ing in  color  the  de])()sits  of  magnetic,  specular,  and  limonite  ores,  and 
limestone  of  th(»  York  and  S[);irtanl)urg  districts. 

In  th(»  line  of  purely  physical  local  g(H)logy,  perhaps  the  most 
intenvsting  part  of  the  report  lies  in  his  discussion  of  the  |K)Ssible  sub- 
sidence^ of  the  coast  going  on  at  the  present  time.  He  showed,  to  his 
own  sjitisfact  ion  at  least,  that  the  prescMice  of  stumps  of  trees  below 
and  partly  l)elow  the  i)resent  sea  level  was  due  to  thii  gradual  under- 
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miDing  of  sand  and  mud  flats  on  which  the}'  grew  and  the  coiLsequent 
settling  of  the  stumps,  retained  in  an  upright  pf>sition  by  their  wide- 
spreading  roots,  and  not  to  a  subsidence  of  the  coast,  as  taught  ))y 
Lyell,  Bartram,  and  later  by  Lieber  and  Cook.''    The  origin  and  nature 
of  the  soils,  the  mining  and  prepai^ation  of  fertilizers,  including  lime 
burning,  the  washing  and  milling  of  gold  ores,  and  kindred  subjects, 
were  touched  upon.    Many  soil  and  fertilizer  analyses  were  given,  the 
latter  and  their  discussion  being  largeh'  by  Prof.  C.  U.  Shepard,  then 
professor  of  chemistry' in  the  Medical  College  of  the  State,  at  Charles- 
ton.   The  fossils  were  identified  by  Conrad  and  Gibbs. 

It  is  but  natural  that  a  considerable  portion  of  the  work  should  be 
given  up  to  a  discussion  and  description  of  the  Tertiary  deposits,  which 
cover  more  than  half  the  area  of  the  State.  Concerning  these  he 
recapitulated  as  follows: 

1.  That  they  are  situated  in  a  vast  depreseion  in  the  CretaceouH  rockw,  which, 
however,  are  only  viable  on  the  east  and  northeast. 

2.  That  the  Eocene  consists  of  three  well-defined  groups:  (1)  The  Buhr-stone 
formation,  compose<l  of  thick  l)eds  of  sand,  j^ravel,  grit,  clay,  and  buhr-stone,  amount- 
ing to  at  least  400  feet  in  thickness  ami  underlying  the  calcareous  beds.  Its  upper 
portions  are  characterized  by  lieds  abounding  in  silicilied  shells,  for  the  most  j)art 
identical  with  the  Claiborne  fossils.  As  these  are  littoral  shells,  they  i)robal)ly 
occupied  the  coast  while  the  San  tee  beds  were  forming  in  deep  water.  The  materials 
of  which  this  formation  is  composed  are  the  ruins  of  the  granitic  and  metamorphic 
nxikfl  of  the  upper  districts,  which  may  often  l)e  tmced  to  their  origin.  (2)  The 
Santee  beds,  consisting  of  thick  l)eds  of  white  limestone,  marl,  and   greensand. 

I  These  are  best  seen  on  the  Santee,  where,  interstratified  with  the  greensand,  they 
dip  gently  toward  the  south.  The  coralline  marl  of  Eutaw  is  found  near  the  upper 
edge  of  these  beds.  (3)  The  Ashley  and  Coo|kt  beds,  which  are  the  newest  lM)cene 
beds  of  the  State.  The  marl  of  these  is  characterized  by  its  dark  gray  color  and 
granular  texture,  while  the  remains  of  fishes  and  mammalia  give  it*t  fossil  remains  a 
peculiar  character  and  leave  no  doubt  of  the  ixjsition  assigned  it — at  the  top  of  the 
Eocene  series.  These,  together  with  the  Santee  be<ls,  must  amount  at  least  to  a 
thickness  of  600  or  700  feet. 

3.  Thatalthoogh  these  strata  contain  throughout  characteristic  Eocene  fossils,  yet 
they  also  inclose  some  Cretaceous  forms. 

4.  That  the  Middle  Tertiary  of  the  State,  (!om[)(>sed  of  Ixnls  of  sand  and  marl, 
highly  fossil iferous,  is  scattered,  like  similar  beds  in  other  places,  over  the  Eocene 
and  Cretaceous  formations  in  isolated  patches.  That  the  proportion  of  recent  species 
increases  toward  the  south,  and  that  the  extincrtion  of  species  seems  to  proceed  in 
that  direction,  as  is  proved  by  the  fact  that  the  recent  forms,  which  are  also  fossil, 
belong  to  a  more  southern  fauna,  there  lx»ing  but  one  or  two  exceptions. 

5.  That  in  South  Carolina  the  proportion  of  recent  sf>ecies  in  this  formation  amounts 
to  40  per  cent.     I  have,  therefore,  referre<l  it  to  the  older  Pliocene. 

6.  That  the  post-Pliocene  is  ccmfined  to  a  belt  along  the  coast  of  about  8  or  9 
miles  in  breadth.  The  fossils  are  nearly  aW  referable  to  living  specicij  now  inhabit- 
ing the  coast;  a  few,  how*ever,  belong  to  the  fauna  of  Florida  and  the  West  Indies. 
An  elevation  of  the  coast  has  taken  place  since  the  deposition  of  these  beds,  which, 
it  is  probable,  has  given  the  rivers  of  the  Atlantic  sloi>e  a  wi^tern  tendeui^y. 


«  Taomey's  view  was  upheld  by  Prof.  N.  S.  Shaler  as  recently  as  1870.    Proceedings 
of  the  Boston  Society  of  Natural  History,  XIII,  ]>.  228. 
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7.  That  the  submeived  stumpfl  of  trees  found  below  the  level  of  high  tide  along 
the  coast  are  not  the  result  of  8ul)sidenoe,  properly  so  called,  but  must  be  referred  to 
the  encroachment  of  the  sea  u\K)n  the  land  and  to  the  peculiar  character  of  the 
deposits  in  which  they  grew. 

8.  That  the  almost  entire  absence  of  fluviatile  shells  in  the  recent  and  Tertiary 
deposits  is  mainly  due  to  two  facts:  (I)  That  there  is  a  considerable  space  between 
the  line  of  brackish  and  salt  water,  where  neither  fluviatile  nor  marine  forms  can 
exist;  (2)  that  the  streams  have  not  transporting  power  suflicient  to  bring  down 
fresh-water  shells.  So  long  as  these  circumstances  exist,  there  can  be  no  mixture  of 
fluviatile  and  marine  shells. 

Prior  to  1848  the  professor  of  geology  in  the  State  University  of 
Alabama  had  been  required  to  spend  a  portion  of  his  time,  not  exceed- 
ing four  months  of  each  year,  in  making  geological  explorations  in 

the  State.  In  January,  1848,  the  general  assembly,  in 
AiS£!2;;rf84T&^'  recognition  of  the  utility  of  this  work,  passed  a  re^lu- 

tion  appointing  Michael  Tuomey,  then  holding  this 
professorship,  State  geologist,  and  requiring  him  to  make  a  report  to 
the  general  assembly  at  each  of  its  biennial  sessions.  Thus  simply  was 
inaugurated  the  first  systematic  geological  survey  of  the  State. 

Under  this  law,  Tuomey 's  First  Biennial  Report,  in  form  of  an  octavo 
volume  of  176  pages  and  a  colored  geological  map  of  the  entire  State, 
appeared  in  1850.  In  this  the  rocks  of  the  State  were  divided  into 
those  of  (1)  The  Primary,  (2)  Metamorphic,  (3)  Silurian,  (4)  Carbon- 
iferous, (5)  Cretaceous,  and  (6)  Tertiary  systems,  the  last  named  being 
represented,  so  far  as  then  known,  onl\^  by  the  Eocene.  Much  of 
the  report  was  taken  up  with  economical  considerations,  particular 
attention  being  paid  to  coal  and  iron. 

The  second  report  of  this  survey  appeared  under  the  editorship  of 
J.  W.  Mallet,  the  publication  having  been  delayed  through  the  pro- 
crastination of  the  ]^lblic  Printer  and  Professor  Tuomey's  death,  which 
occurred  in  March,  1857. 

Tuomey  recoiifnized  on  Marble  Creek  in  Limestone  County  a  blue 
limestone  which  was  a  continuation  of  the  Silurian  rocks  in  Tennessee, 
The  Devonian  rocks  were  represented  by  black  slate  found  on  the 
principal  streams  flowing  from  the  north  into  the  Tennessee  between 
Flint  Kiv(M-  in  ]\ladison  and  Shoal  Creek  in  Lauderdale  County.  He 
regarded  the  divisions  of  the  carboniferous  made  by  Troost  as  suffi- 
ciently characteristic  in  north  Alabama  to  be  retained. 

The  clastic  material — that  is,  the  loosely  consolidated  sands  and 
gravels — which  he  niapi)ed  as  extending  across  the  middle  of  the  State 
and  north  of  the  verge  of  the  Cretaceous  beds,  and  colored  as  post 
Tertiary,  were  referred  to  as  belonging  to  the  drift,  although  having 
little  reseml>lance  to  that  of  th(^  north.  '*  If  the  southern  drift  be  ai 
all  connected  with  tliat  of  the  north,"*  he  wrote,  ''it  may  be  explainec 
by  supposing  that  the  northern  glaciers  suddenly  melted,  and  that  th< 
water  thus  liberated  in  immense  volume  took  a  southern  direction 
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Mtfyin^  with  it  the  debris  torn  ftom  the  sUrfdce  over  which  it  passed 

until  it  met  the  Tertiary  sea,  upon  the  shores  of  which  its  burden  was 

deposited.''    This  theory,  he  felt,  would  suflBcieiitly  account  for  that 

enormously  long  ridge  of  drift  extending  parallel  with  the  Atlantic 

eoast,  for  the  moment  the  current  entered  the  Tertiary  sea  its  velocity 

would  be  checked  and  the  greater  part  of  the  transported  detritus 

deposited.    The  reader  will  here  recognize  an  old  idea,  but  slightly 

modified. 

Commenting  on  the  fact  that  these  beds  contain  no  fossils,  he  wrote: 

Tbe  only  way  by  which  I  can  account  for  this  *  *  *  \n  by  supposing  that, 
before  the  drift  period,  the  bottom  of  this  sea  had  been  elevated  and  converted  into 
dry  land,  and  that  at  the  commencement  of  the  drift  period  a  depression  of  the  laml 
took  place;  that  the  time  between  the  influx  of  the  sea  and  the  deposition  of  the  drift 
was  too  short  for  marine  animals  even  to  have  commenced  a  colonization,  and  that  the 
lind  was  again  elevated  into  it«  present  position  and  subjected  to  long-continued 
denndation,  which  produced  its  present  configuration ;  that  after  this  elevation  the 
rivere  excavated  their  present  channels. 

Tuomey  was  assisted  in  this  work  by  Oscar  M.  Lieber,  geologist, 
and  J.  W.  Mallet,  chemist. 

[  The  withdrawal  of  Tuomey  from  the  field  in  South  Carolina  inci- 
dental to  his  removal  to  Alabama  left  the  position  of  State  geologist 
vacant  until  the  appointment  of  Lieber,  in  1855.     In  the  meantime 

F.  S.  Holmes,  working  privately,  gave  in  the  American 
MmgofCiiariMtoii  Journal  of  Science  for  184:9  a  brief  paper  on  the  geol- 
ogy of  t-he  vicinity  of  Charleston,  which  may  be  noted 

'  here,  with  the  preliminary  remark  that  this  was  Doctor  Holmes's  first 
venture  in  the  geological  field.  In  this  paper  attention  was  called  to 
the  fact  that  the  city  of  Charleston  w^as  built  upon  geological  forma- 
tions supposed  to  be  identical  in  age  and  in  other  respects  similar  to 
those  upon  which  London  and  Paris  are  located,  i.  e.,  upon  the  Eocene. 
The  adjacent  sea  islands  he  thought  to  have  been  formed  through  the 
action  of  the  ground  swell  of  the  ocean  and  the  streams  flowing  down 
from  the  interior  during  the  time  when  the  land  was  gradually  emerg- 
bg  from  the  sea. 

He  agreed  with  Tuomey  in  taking  exception  to  the  then  generally 
received  opinion  that  the  sea  was  advancing  upon  these  shores,  having 
been  led  by  his  own  observations  to  the  conclusion  "that  if  the  ocean 
does  wash  off  portions  of  the  shore  at  one  exposed  point  it  deposits  the 
same  at  no  great  distance  upon  another."  The  supposed  indications 
of  subsidence,  such  as  the  stumps  and  roots  of  trees  now  below  the 
level  of  high  tide,  he  accounted  for  on  the  supposition  that  outer  sand 
barriers,  which  had  prevented  the  ingress  of  salt  waters,  were  gradu- 
ally removed,  allowing  the  waves  to  wash  away  the  fine  silt  and  mud 
between  the  roots  of  the  trees,  thus  permitting  them  to  sink  inU)  it 
and  become  embedded.  This,  it  will  be  noted,  was  assentially  the  view 
advanced  by  Tuomey. 
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Holmes  classified  the  formations  met  with  as  post-Pliocene,  Miocene, 
and  Eoceae,  the  pottt-Pliocene,  where  ob»erved,  rertJDg  directly  upon 
the  ICocene.  This  he  would  account  for  on  the  supposition  that  durin; 
the  depottition  of  tint', 
post-Pliocene  the  Mb-' 
cene  areait  were  «bo\'e 
water,  or  had  heen  de- 
nuded of  their  ptwt- 
Flioceue  covering  pre- 
vious to  the  depositioo 
of  the  alluvial  or  dilu- 
vial sands  and  clays. 

In  1849  Oapt.  Howard 
Stansburv,  of  the  corps 
of  topographical  engi- 
neers, acting  under  au- 
thority of  the  War  De- 
partment, explored  the 
valley  of  Great  Salt 
Lake.  The  expedition 
left  Fort  Leavenworth 
May  31,  l&iS,  taking  a. 
north- 


BxplonMlaiMlaUuh.  >vest  di- 
1849. 

rection 
und  striking  the  Platte 
at  Fort  Kpaincy,  pm- 
ccfding  thom-c  along 
tlii.-4Hiid  the  North  Fork 
to  the  Swvitwutcr.  and 
theiK'O  acroM.-*  South 
Piuw  to  Fort  liridger 
and  Salt  Ijike  City. 
The  return  trip  was 
made  hy  a  more  south- 
I'Hy  route,  through 
liridger  Past*,  striking 
the  t»ld  route  again  at 
Fort  Laramie,  and 
thence  back  to  Fort 
LcHvonworth,  the  latter 

point  l>eing  reached  the  (Itli  of   November,   i$titK 

No  geologi.it  accompanied  this  cxpediHiin,  tind  a  small  series  of  rocks 

and  fossils  wliieh  were  collci-ted  were  n'iM)rted  u|H>n  by  Janu'n  Hall. 

Forms  l>elonging  to  the  Cretaceous.  (■arlx)uiferous,  and  ir>ilurian  <>r 

Devonian  ages  were  identiiied. 
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In  1847  Doctor  Owen  was  again  employed  l»y  the  Trejwiirv  Di-jwrt- 

•■KDt,  under  imoiediate  Mupi'rvisioii  of  (.ioneml  Land  Cotniiiissioner 

r3L  M.  Young,  to  make  aiirveys  in  the  Chipppwa  district  of  Wisconsin 

ftD:g»«p'»w«fciB  and  the  northern  part  of  Iowa,    The  i-egion  Uos  between 

g[h^G<»»rt^  43^  nnd  47"^  north  latitude  and  Sit-  and  !»4'=  longitude 

■  Mtf-issi .  '  west  of  {Jreeiiwich,  embracing  about  4*>.(m)0  square 

jaies  and,  as  shown  on  the  map  (tig.  45),  comprising  that  portion  of 

the  country  "lying  chiefly  east  of  tlie  upper  Missis-sippi  alreve  Ijake 

Pepin  and  extending  north  to  Lake  Superior."     Incidentwily,  there 

vas  included  a  portion  of  Iowa  "stretching  north  from  the  northern 

boundHry  of  the  geological  survey  of 

\m  as  far  as  the  St.  Peters  Itiver, 

■ml  also  a  tract  of  country  north  of 

the  Wisconsin  River." 

As  in  the   pi'evions  survey,  the 
time  wa.s  limited,  only  the  summer 
wid  autumn  of  1847  being  devoted 
to  field  work,  the  report,  printed  m 
(orai  of   Senate  D(K'ument  No.  57 
of  the  first  session  Thiitieth  Con 
gresi,  bearing  the  date  of  April     ^ 
im.     It  comprised  134  [Mges,  \   th 
one  geol<^ical  map,  2'i  Itthograpl 
plates   from    drawings    by   Dot^l  r 
Owen,  and  13  colored  plates  of    e 
tiuDa.     Some    of    these   last   wei 
beautiful  combinations  of   secti 
and  perspective  landscaiH's,  and  >, 
at  a  glance  a  general  idea  of  ti  o 
surface    features    as    well   us    tl  e 
character  and  dip  of  the  underi,\  i  ^ 
rock  masses,  such  as  is  rarely  e\      *  "  -i  u  n  r»  o» 

Hied,    (See  Plate  19,  from  his  sec        n    h  p       lb  i  n  n    n 
tion  5.)     Even  when  one  considei-s 

tliat,  as  Owen  states,  the  worki  i^  tin  c  of  th  i  en  beri  of  I  corp 
was  from  twelve  to  fifteen  hours  a  day,  still  one  wondeis  that  so  much 
was  accomplished  and  preseiib'd  in  such  good  form.  Though  a  detailed 
Keolc^ical  survey  was  made  of  only  about  thirty  townships  west  of  the 
fourth  principal  meridian  on  Black  River  and  sixty  townships  on  the 
St.  Croix,  sufficient  data  wa.s  [>btained  to  enable  him  to  lay  down  with 
approximate  accuracy  the  gencnil  liearing  and  area  of  the  principal 
formations  of  over  two-thirds  the  area  above  noted.  Ho  showed,  also, 
that  both  the  upper  and  lower  magnesian  limestone,  were  lead -I  tearing. 
and  that  there  existed  in  Wisconsin  two,  if  not  three,  trap  ridges  simi- 
lar to  those  of  Michigan,  and  which,  like  the  last,  '"holdout  a  ]>ii)sp<'(-t 
of  productiveness. " 
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in  this  report,  too,  he  first  announced  that  the  upper  Missis^ipi 
country  north  of  the  Wisconsin  River  was  based  upon  magiiesiau  liui< 
rttones  which  were  older  than  the  lowest  formations  of  the  valley  ( 


tile  Ohio,  iL  ]K>rti<)n  of  tlicin  licinjr  c()iiti'ni|Kii'imi'mis  with  tho  Calci 
f'l-i.ns  fjroiii)  tiiid  Potsd.ini  siuidstoTic  of  New  Vurk.  He  ni)ted  al 
fhiU  tlie  Full:^  of  St.  Andioiiy  jiiv  n-<vdinjf  iuid  were  pruhahly  at  o 
time  at  ii  jWiint  lu-ur  Fort  Suclliiij.'. 
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Concerning  the  red  sandstones  of  the  south  and  west  shores  of  Lake 
Superior,  he  wrote:  '* There  is  strong  presumptive  evidence  that  they 
"were   deposited  subsequently  to  the   Carboniferous  era."     His  evi- 
dence, though,  was  admittedl}'^  weak  and  later  was  acknowledged  to  be 
wholly  misleading  and  insufficient. 
This  preliminary  reconnaissance  ended,  Owen  was  instructed  to  make 
i  a  mrvey  of  the  Northwest  Territory,  embracing  chiefly  Wisconsin, 
Iowa,  and  portions  of  Minnesota.     The  manuscript  of  his  final  report 
of  this  work  was  submitted  in  1861  and  published  under  date  of  1852 
in  the  form  of  a  quarto  volume  of  628  pages  of  text,  with  15  plates  of 
fossils,  19  folding  sections,  and  a  geological  map.     The  illustrations  of 
the  fossil  remains  are  of  particular  interest,  being  medal-ruled  on 
steel,  the  first  of  their  kind  produced  in  America. 

Owen  was  assisted  in  this  survev  by  Doctors  Shumard  and  Litton,  of 
St,  LouLs;  Dr.  John  Evans  and  F.  B.  Meek,  of  Owens))or<),  Kentucky; 
Col.  C.Whittlesey,  of  Cleveland,  Ohio;  and  Messi*s.  R.  C.  Macy,  Henry 
Pratton,  George  Warren,  and  John  Beale,  of  New  Harmony,  Indiana, 
To  Doctor  Leidy  fell  the  work  of  describing  the  vertebrate  fossils 
collected  by  Doctor  Evans  in  the  Bad  Lands  of  Nebraska.  Among 
these  fossils  was  the  now*  well-known  Oreodon,  an  animal  with  grind- 
ing teeth  like  the  elk  and  canines  like  those  of  omnivorous  thick- 
skinned  animals,  belonging,  as  was  thought,  to  '*a  race  which  lived 
both  on  flesh  and  vegetables  and  yet  chewed  the  cud  like  our  four- 
footed  grazers." 

This  work  was  the  first  systematic  account  i)ublished  of  the  Bad 
Lands  fossils.  The  first  mammalian  remains  to  be  described  from  this 
region,  it  should,  however,  be  noted,  consisted  of  frugmonts  of  the 
jaw  of  an  enormous  pachyderm,  which  were  described  by  Dr.  II.  A. 
Prout,  of  St,  Louis,  in  the  American  Journal  of  Science  for  1847. 

Owen  regarded  the  gypsum  deposits  of  Dubuque  as  due  t^)  original 
dej)osition  at  the  bottom  of  an  ocean,  the  sulphate  of  lime  having 
probably  been  derived  during  the  formation  of  the  rocks  and  from  sub- 
marine sources.  This  view  is  somewhat  remarkable  when  it  is  re(*allcd 
that  of  the  total  lime  salts  in  solution  in  sea  water,  90  per  cent  occur 
in  the  form  of  sulphates  and  would  be  deposited  a^  gypsum  during  the 
ordinary  processes  of  evaporation. 

His  views  on  the  origin  of  the  drift  were  in  accordance  with  those 
of  the  leading  authorities  of  his  day.  The  large  bowlders  he  regarded 
a8  having  been  deposited  by  floating  ice  and  drifted  by  currents  from 
the  north  while  the  country  was  depressed.  The  opinion  which  he 
had  previously  expressed  (in  1848)  concerning  the  age  of  the  Lake 
Superior  sandstones  was  in  this  final  report  retracted,  and  he  relegated 
them,  on  stratigraphic  evidences  onl\%  to  the  Potsdam  formations, 
which  is  in  accordance  with  the  prevailing  opinion  of  to-day. 
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Of  {greater  iuiporttuitio  wus  the  fnct,  txist  imnounved  in  hia  report  for 
1847-48,  but  bt>re  bruii^lit  out  in  detail,  that  underlying;  bifi  lower 
inugnoeian  limestone  ((!liiLzy)  thcrt;  ■wort',  at  least  six  different  trilobite- 
bearing  l)edN,  separated  by  from  10  to  15(1  fwl  of  intervi'nlng  stratij  [^ 
Previous  to  thJH  no  ri<niainH  of  this  nature  had  been  reported  from  my  t" 
American  sti-uta  older  than  the  Clnnadian  period  of  the  Ijower  Silurian.  ^ 
TheHe  trilobite-lfearing  strata,  it  yhould  Ijc  noted,  were  found  resting  % 
immediately  upon  the  primal  ro<'ks  and  hem-e  formed  the  true  Iwse  of  f 
the  zoological  series  in  the  MissiisHippi  Valley.  -  j 

On  the  title  page  of  thifi  volume  appeared  the  <-ut  of  the  horizontallj  \ 
jointed  trap  of  I^ake  Supoiior  that  has  long  done  duty  in  the  tejct-  t 
books  of  Lo  Conti'  and  otheix  (see  tig,  47). 


I 


Work  oi  C.  T. 
Michlsul.  IM4 


Kir,.  (T.-TniTi'likc.-nnTjik.'l^iiiMTiiir.    (Aflprl).  P.  O will.) 

In  lu-coi-dtiiH-e  with  an  ii.t  of  Ooiignw  api)rii\ed  Manli  1.  1S47.  Dr. 
V.  T.  Jackson  was  aj>i)oinr.il  by  the  Hon.  It.  .F.  Walker,  then  Secre- 
tary i>f  the  Treasury,  to  make  a  geologii-al  survey  of  that  portion  of 
Miehigiin  Ivinjr  >Miutli  of  Lake  SuiK-riiir  and  north  and 
northwe.sl  of  Lake  Michigan.  As  in  previous  ojwra- 
tions  of  like  nature  by  Owen,  the  object  of  this  survey 
was  ic>  a.s<-erlaiu  whi<-h  of  the  lands  should  be  classed  a.s  mining  lamLs 
and  wliicli  ngriciiltunil.  Jackson  six'nt  two  seawuis  in  the  prosecution 
of  this  work  and  then  resigned,  for  treasons  whi<-li  seem  to  have  !>een 
in  part  personal  and  in  part  political,  the  completion  of  the  work  being 
conlided  to  his  assistants.  J,  W.  Foster  and  J.  D,  Whitney. 

Jackson's  re|K)rt  was  published  as  House  Document  No.  ."),  Thirty- 
tirst  ('ongress,  tiist  .si'ssiini.  LS4i>.  It  comprise*!  ui)ward  of  Still  pages, 
with  IH  platiw.  geological  maps  of  .Keweenaw  Point  and  Isle  Royal, 
and  three  sei-tions  of  utiin>s.  The  eruptive  iM<-ks  of  Keweenaw  Point 
were  described  as  hjiviiig  been  intruded  Ihroitgh  linear  caverns  or 
fractui-es  in  the  superiin;umlM'n1  rock  which  they  had  fre(|uently  over- 
Howed,  so  as  to  I'e.st  unconfonnably  on  their  strata.     Hem  is  ^ain 
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recognized  the  pusaitiility  of  tisaiire  eruptions  as  distinctive  from  the 
cxater  eruptions  of  modern  volcanoes. 
i  The  red  sandstones  of  Ijuke  Superior  were  erroneously  regarded  as 
I  belon^ng  to  the  New  Red  series,  the  opinion  being  based  upon  a  tract 
B  of  limestone  caiTving  the  fossil  Piiitmuemt -(ifiloiigiiH,  which  wtia  found 
I  in  the  midst  of  the  sandstone  near^Anse. 

•lackson,  it  is  well  to  note,  was  opposed  to  the  principle  of  the  reaer- 
TOtion  of  minenil  lands  by  the  (ieneral  Government.     He  wrote: 

ll  may  be  useful  to  the  public  to  cauM'  gtMiliifjiiiil  aii<l  iiiiiii-rulot!"'*!  ►'iirveyn  i»  he 
nude  For  their  information,  Iiiit  I  am  i<atii>tie<l  tlmt  tlie  reneri-atioii  of  iiiiiK^rnl  lanili) 
ill  great  evil  lo  the  i ■nun try,  and  Ibat  the  (.iiiveniiiivnt  never  ran  ilerive  n-vfnue 
(rom  such  wiun-ee,  while  the  restrictinn  imnit  seriously  (-[iiliarraaBWi  the  st'ttleinent  of 
iimly  acquireil  territory.  The  al>ove  rcraarkc  are  a|ipiieahle  lo  the  whole  copper 
nvion,  and  I  would  not  advise  tlie  reservation  of  any  {lart  of  it  as  nilnerel  land. 

Jackson's  chief  assist- 

inti  were  .1.  D.  Whitney 
■widJ.  W.Foster.already 

noted,  Dr.  John  Ijocke, 

iffid  Dr.  Wolcott  Gibbs. 
In  1848,  while  ot^ciipy- 

tng  the  chair  of  zoologj' 

»nd  geology  at  Harvard 

t'niversity,  Ijouin  Agas- 

siz.  in  company  with 
Jules  Marcou  and  a  party 
of  students,  undertook  an 
exploration  of  the  I^ake 
Superior  region,  the  re- 
sults of  which  were,  pub- 
lished in  1850,  under  the 
.        ,  caption 

cCacm  ofLake  of  l^akc 
lapcrtDr,  IMS. 

superior; 
its  Physical  Character, 
Vegetation  and  Animals,  - 
compared  with  those  of 
other  and  similar  regions.  Marcou  would  have  us  Ix'lievc  that  this 
volume  marked  an  epoch  in  natural  history  publications  in  .\nierica, 
this  mainly  on  account  of  the  superior  style  of  its  illustratiom^.  Cer- 
tainly there  was  much  to  justify  the  claim. 

The  country  was  nearly  everywhere  roadless,  and  transportation  by 
water  possible  only  through  the  aid  of  birch-liurk  canoes.  As  might 
be  expected,  the  purely  geological  olwervations  were  of  little  value, 
ezceptiog.80  far  as  they  related  to  glaciation.  .Vpuisiz  aigiicd  that 
the  form  of  the  lake  was  dne  to  "a  series  of  injections  of  trap  dikes 
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of  different  characters,  traversing  the  older  rocks  in  various  direc- 
tions." lie  found  six  S3\stems  of  these  dikes,  to  the  trend  of  which  the 
various  lake  shores  in  a  general  way  conformed.  The  relationship  of 
the  various  copper  deposits  he  attempted  to  explain  on  the  somewhat 
remarkable,  as  well  as  ingenious,  assumption  that  the  material  had 
been  poured  out  in  a  melted  condition,  and,  cooling  quickly,  remained 
in  the  native  state,  offering  to  the  agencies  of  change  a  relatively  small 
surface  exposed  in  proportion  to  its  mass.  At  a  distance  from  the 
main  mass,  where  the  ejections  were  small  with  relatively  large  sur- 
faces exposed,  they  became  more  or  less  completely  changed  into 
oxides,  sulphides,  carbonates,  etc.  The  reader  need  scarcely  be 
reminded  that  authorities  to-day  hold  quite  a  different  view,  and 
regard  the  copper  as  having  been  precipitated  by  reduction  to  a  native 
state  from  salts  held  in  permeating  solutions. 

Naturall3%  Agassiz's  views,  as  here  set  forth  on  the  glacial  phe- 
nomena of  the  region,  are  of  paramount  interest.  He  argued  that  the 
drift  of  all  northeast  America  and  northwest  Europe  was  contempora- 
neous and  due  to  a  geneml  ice  sheet.  Through  a  repetition  of  many 
of  his  former  arguments  he  showed  that  a  current  of  water  sufficiently 
powerful  to  transport  the  large  blocks  found  would  have  swept  prac- 
tically over  the  entire  globe,  and  not  have  stopped  abruptly,  as  did  the 
drift,  after  reaching  latitude  89^  north.  This  limit  of  distribution  of 
the  bowlders  to  the  northern  latitudes  also  indicated  to  his  mind  that 
the  matter  of  climate  was  an  important  factor.  Water- transported 
material,  he  further  argued,  would  not  cause  straight  furrows  and 
scnitches,  and  the  th(H)ry  that  such  might  be  due  to  drifting  icel)ergs 
was  rejected  on  the  ground  that  existing  l)ergs  were  insufficient,  and 
to  produce  such  as  w(»r(»  would  necessitate  a  period  of  cold  sufficient 
for  his  hypothetical  polar  ice  cap.  lie  j)ointed  out  that  the  northerr 
erratics  were  I'ouiuled  and  widespread;  that  the  highest  hills  wen 
sd'atcluMl  and  polished  to  their  summits,  while  to  the  southward  th( 
mountain  tops  had  protruded  above  the  ice  sheets  and  supplied  the 
glaciers  with  their  load  of  angular  bowlders.  He  also  called  attentioi 
to  the  abs(»nce  of  marine  or  fresh  water  shells  from  the  glacial  (groum 
moraine)  deposits,  showing  it  wa.s  not  subatjueous.  Referring  to  tb 
stratified  deposits  overlying  the  drift,  he  wiote: 

The  various  liei>;ht.«  at  which  these  Htratified  <lepositsJ  occur  above  the  level  of  th 
sea  show  plainly  that  since  their  accunuilation  the  mainland  has  been  lifted  abov 
the  ocean  at  different  rates  in  different  parts  of  the  country. 

And,  further: 

It  nuist  be  at  once  obvious  that  the  various  kinds  of  loose  materials  all  over  th 
northern  hemisphere  have  l>een  accumulated,  not  only  under  different  circumstancej 
but  during  long-continued  subse(juent  distinct  periods.  To  the  first — or  ice  jK'riod- 
belong  all  phenomena  connected  with  the  transportation  of  erratic  bowlders,  polisl 
ing,  scratching,  etc.,  and  during  which  the  land  stood  at  a  higher  level.  To  tb 
second  belong  the  stratifie<l  drift,  suc^h  as  indicate  a  depression  of  the  continent 
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AtptsMiz  wan  bom  in  Motier,  Switzerland,  in  1807,  and  t-aiue 
Id-wide  notoriety  through  his  works  on  fosail  fishes  and  hin 
stie  exploitation  of  the  }r1aciiil  diwwveries  of  Hugi,  Venetz, 

and   (Jhari)entier,  while   in   Neiichatel.     He   came  to 
.cH^i-     America  to  In^ttpr  hii*  tinanceri  in  1846,  and  after  deliv- 

erin}^  <'onrHCs  of  lectures  Iwfoi'O  the  l-iowcll  Institute 
n  and  in  other  of  the  eastern  cities, 
.  in  1847,  the  prof  essorsliip  of  jjeol- 
zoology  in  Harvard  I'niversity. 
was  not.  however,  a  {leologist,  and 
ice  to  this  brunch  of  stience  after  ' 
lo  America  was  more  as  a  teacher 
>ugh  arousing  public  interest  than 
rch.  His  enthusiaftni  was  too  great, 
ing  power  too  slight:  lie  was  too 
jumpateom-Iufiiionstotiiake  a  gotxl 
t,  us  shown  in  bis  hasty  assumption 
bowlders  of  decomposition  found  Ijy 
■razil  were  drift  I>owldcrs  and  indiai- 
fonner  glacial  p>riod  in  that  latitn<lc. 
ork  liegnii  liy  Jackson  in  Michigan     - 

jr  direction  of  the  (leneml  Land  OfBee  in  1847  was,  as  already 
ontinued  l)y  Messrs.  .1.  W.  Foster  and  .1.  D.  Whitney.  Their 
were  issued  in  octavii  furni.  Vol.  I.  on  the.  copper  lands,  con- 

stituting   House   Executive 

wmiBcy*  Work  In    DcM-uuient  Nil.  l>!*,  first  ses- 

-.-  MkW,«i.  18411-51.  «      I   ,. 

**  '  S.  sion.  1  hirty-nrst  Congivss, 

'  ^^  l.SJU,  and  comprising   '2'24  [mges,  with  12 

L     ^^^^^  plates  and  a  facsimile  of  a  map  of  Lake 

[   ^H^^B  kSu)>crior  mtide  by  the  Jesuit  mis.sioiutries  in 

L^^^^B  1671.     Vol.  H,  or  Part  2,  on  the  iron  region, 

m^MO^m  appeared  as   Senate   Kxccutive   Document 

^^^  Xo.  4,  spi-eial  .session,  March,  LfSol.     This 

^^^9^^^  comprised. all  told.  4i;*i  i)ages.  with  33  plates, 
^^^^^^^^k  A  colored  geological  map  uf  the  area  sur- 
^^^^^^^^H  v<'yed  acconi|>anied  the  report.  Sonieof  the 
^^^^^^^^^B  more  important  items  noted  aiv  as  below: 
-John  Wtiis  Foster,  They  Stated  that  Lake  Superior  occupies 

an  innnense  depn^ssion  which  has  been  for 
:  part  excavated  out  of  the  soft  sandstone  of  the  Potsdam  age. 
figuration  of  that  portion  of  the  lake  lying  west  of  longitude 
deemed  as  due  tn  two  axes  <»f  elevation  extending  in  parallel 
■m  the  northeast  to  Hh'  -i.nlbwest.  which  uimiised  the  stind- 
lu^ing  it  to  form  ;i  synclinal  valley. 
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This,  it  will  be  noted,  is  radically  different  from  the  idea  put  forwaro 
by  Agassiz. 

The  conglomerate  composed  of  rounded  fragments  of  jaspery  rock, 
so  abundant  throughout  the  copper  region  of  the  south  shore  of  the 
lake,  they  regarded  as  a  friction  conglomerate,  testif^'ing  to  the 
'•intensity  of  the  force  with  which  the  eruptive  rocks  have  been  pro- 
pelled from  the  interior  through  the  earth's  crust,''  the  detritus  hav- 
ing been  redistributed  by  the  waters,  following  in  this  the  teachings 
of  Von  Buch.  Their  graphic  account  of  the  conditions  under  which 
it  was  supposed  to  have  been  formed  is  worthy  of  l:)eing  reproduced 
entire: 

We  may  snppoHe  that  at  one  time  all  of  this  district  (i.  e.,tlie  copper  <iigtrict) 
formed  a  part  of  the  IhhI  of  the  primeval  ocean.     Adopting  the  the*)ry  of  a  cooling 
globe,  we  may  furtlier  suppose  that  the  waters  were  in  a  heateil  condition  and  dif- 
fered essentially  in  chemical  composition  from  those  of  the  present  oceans.    The 
earth's  crust  was  interse<^te<l  by  numerous  powerful  fissures,  and  the  communication 
between  the  exterior  and  interior  was  unobstructeil.     Volcanic  phenomena  were 
nmch  more  frequent  and  exerteil  on  a  grander  scale.     Each  volcanic  paroxysm  would 
give  rise  to  j)owerful  currents  and  agitations  of  the  water,  and  their  abrading  action 
in  detaching  })ortions  of  the  preexisting  rocks,  and  depositing  them  in  beds  and  lay- 
ers on  the  floor  of  the  ocean,  wouM  oj)erate  with  greater  intensity  than  at  the  pres- 
ent time.     We  can  trace  the  remains  of  one  volcanic  fissure  extending  from  the  head 
of  Keweenaw  Point,  in  a  southwesterly  <lirection,  to  the  western  limits  of  the  dijr 
trict,  and  of  anotiier,  in  a  parallel  direction,  from  the  head  of  Neepigon  Bay  to  the 
western  limits  of   Isle  Royale.     Along  the  lines  (if  these  fissures  exist<^l  numerous 
volcanic  vents,  like  those  observed  at  this  day  in  Peru,  (Tuatemala,  and  Java,  which 
were  chara(;t<'rized  l)y  periods  of  activity  and  repose.     From  thes<'  vents  were  pouretl 
forth  numerous  sheets  of  trap,  which   flowed  over  the  sands  an<l  clays  then  in  tb« 
jjrogress  of  accumulation.     During  th^:' throes  an<l  convulsions  of  the  ma.'^s  IK)^tion^ 
of  rock  would  become  <letaclied  an<l  roun<led  sinij)ly  by  the  effects  of  attrition,  anc' 
jets  of  melt(^i  matter  1h^  projected  as  volcanic  boml)s  through  the  air  or  water,  which 
on  cooling,  would  a.ssunie  spheroidal  forms;  while  other  portions  of  the  rock,  in  j 
state  of  minute  nundianicid  division,  would  be  ejecte<i  in  the  form  of  ashes  and  sand 
which,  mingling  with   the  water,  would  be  deposited  as  the  oscillations  subside 
among  the  sands  ami  jKd)bles  at   the  bottom  of  the  sea.     During  the  whole  of  thi 
l)eriod  of  volcanic  activity  the  san<ls  which  now  form  the  ba'^e  of  the  Silurian  systen 
were  in  the   projjrress  of  accumulation   and   became   niingle(l    with   these   igne<ni 
l)ro<lucts.     The  level  (►f  the  sea,  as  evidenced    by  the  ripi»le  marks,  was  subject  t< 
ri'|K*ated  alterati<»ns;  sometimes  it  rose  so  sh<ial  that  the  marks  of  the  rippling  wave 
were  impressed  on  the.^ands,  at  others  it  sank  to  nnfatliouiable  <lepths. 

In  the  j>roct'ss  of  ('onsoli<lation  the  rocks  beci'.nie  traversed  by  numerous  tissuret 
and  the  water,  chargeil  with  lime,  was  forcecl  in  like  jets  of  steam,  filling  them  wit 
materials  different  ir^>n\  the  inclosing  mass.  In  this  way  thf  pores  in  the  conglon 
erate  and  the  vesit-les  of  the  amygdaloid  were  tille<l. 

The  fonnjition  of  the  copper  iiiid  silver  ores  thov  regarded  jis  du 
])r()hal)ly  to  eloctro-cbcMnical  agencies.     Tii  cpiotc  tbcdr  own  words: 

The  existence  (►f  two  metals  side  l)y  side,  like  roppci-  and  silver,  each  «*heinicall 
pure  and  capable  of  being  alloyed  in  any  proportion^;  the  accumulation  of  the  latti 
near  the  (TOSS  courses  or  at  the  junt'tion  of  two  mineral  plain's;  the  changt's  in  tb 
metallic  contents  of  lodes  in  their  passage  through  different  rocks,  and  the  paralh 
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|iniagvmeiit  of  the  earthy  gangues,  all  seem  to  indicate  the  existence  oi  I'lectriciil 
I cmrentH  during  the  period  of  their  formation. 

Concerning  the  origin  of  the  drift  and  the  phenonieiui  of  the  groov- 
ingsand  striationsof  the  rocks  in  the  regions,  the\'  were  still  somewhat 
^in  the  dark.  The  position  of  bowlders  resting  on  stratified  deposits  of 
Hand  and  cla}'  was  regarded  as  antagonistic  to  the  theory  of  a  gen(u*al 
i^e  cap  similar  to  that  of  the  circumpolar  region.  It  was  thought 
that  such  might  I'atherhave  been  ti'ansported  by  floating  ice  (not  ice- 
bergs) in  the  same  manner  that  bowlders  are  even  now  each  spring 
transported  from  the  borders  of  the  northern  lakes  and  rivers  and 
dispersed  over  the  adjacent  swamps  and  lowlands. 

The  shites  of  the  region  were  looked  upon  as  probably  originally 
laid  down  as  volcanic  ashes  and  subsequently  consolidated  -  a  by  no 
means  improl>able  theory.  The  specular  and  magnetic  iron  ores  they, 
strangeh'  enough,  regarded  as— 

1  purely  igneon^i  j>ro<hict,  in  some  in^!tan('e8  poiire<i  out,  ])ut  in  otliern  sul)liniate<l, 
frt)m  the  interior  of  the  earth.  We  may  conceive  that  the  various  rockn  of  the  Azoic 
series  were  originally  deix)site<l  in  a  nearly  horizontal  position.  During  the  deposi- 
tion of  thefi^  strata,  at  various  intervals  sheets  of  ])lastic  matter  were  poured  forth 
from  below  and  spread  out  upon  the  surface  of  the  pre-existinj?  stratii.  During  this 
peritxi  the  interior  of  the  earth  wai<  the  source  of  constant  emanations  of  iron,  which 
appearetl  at  the  surface  in  the  form  of  a  })lastic  mass  in  combination  with  oxygen, 
orroee  in  metallic  vapors  or  as  a  sublimate,  i>erhaps  as  a  chloride;  in  the  one  case  it 
imered  over  the  surface  like  a  lava  sheet,  in  the  other  it  was  absorbed  into  tlit^ 
a'ljacent  rocks  or  <liffused  through  the  strata  in  the  process  of  formation. 

The  igneous  rocks  they  classified  as  dolerite,  anamesite,  and  basalt. 
Tlie  sandstone,  which  occupies  almost  exclusively  the  bed  of  Lake 
Superior  and  which  occurs  in  isolated  patches  along  the  shore  and  on 
the  islands,  they  rightly  classed  as  Potsdam,  differing  in  this  rtvspect 
with  Jackson,  who  considered  it  as  New  Ked,  and  from  Locki*  and 
others,  who  thought  it  to  be  the  eijuivalent  of  the  Old  Red  or  Devonian 
sandstone  of  Europe. 

The  work  on  the  Paleozoic  rocks,  as  givcMi  in  Part  II  of  these 
reports,  was  done  by  rTames  Hall,  of  New  York.  1'he  limestones 
first  seen  upon  St.  Marys  River,  Hall  regard<»d  as  identical  with  the 

Chazy,    Bird's-eve,  Black  River,   and  Tn^nton   linie- 

HaO'i  Report  on  *  '         ^  ^"  ^ , 

UkcSnperior  stones  of  Ncw  York.     Tile  Cliff  Hmestone  of  Owen  he 

designated  as  the  (lalena  limestone,  which  h(»  errone- 
ously regarded  as  a  distinct  member  of  the  Lower  Silurian  system, 
not  recognized  in  the  East. 

In  his  chapter  <m  the  parallelism  of  the  Paleozoic  deposits  of  th(» 
United  States  and  Europe,  Hall  called  attention  to  the  fact  that 

The  simplest  principles  of  elementary  geology  teach  us  that  sedimentary  IkmIs, 
liaving  the  Hanie  tliickness  and  same  lithograj>hical  <*haracters,  can  not  have  spread 
over  an  area  so  wide  as  that  now  included  l)Ot\\cen  the  Kuropcan  and  American 
i-ontinentt).     All  sedimentary  dejiosit^  must  vary  in  character  at  remote  point>!,  iw 
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the  pliysit^al  cinuIitioiiHof  the  otvan  can  not  ])t'  presunuMl  tc>have  reinaine^l  t 
over  II  widi*  extent  of  surfat'e.  rnder  such  circunistanceH,  ah.s<:>Uite  ]»aralleli»i 
to  ))e  sougtit  for  or  ex|Hicte(l.  C'ah'areouH  deiK)8its,  as  woiihi  naturullv  Iw  sn 
have  l)een  found  to  l)e  more  pemntent and  more  uniform  in  the<'liaracterof  th« 
eontentn;  but  the^*,  overcome  jwrtion  of  their  extent,  have  often  In^en  inv; 
anjillaeeoui<  and  arenaceouH  tikMliments,  and  the  fauna  in  found  to  ]>e  in  a  ^r 
lens  degree  influenced  by  such  circumstances. 

The   following  table  was  given,  showing  the  suIkII visions  > 
Paleozoic  series  in  New  York: 

1.  Pot-dani  sandstone. 

2.  Calciferous  sandstone. 

Tapper   sandstone  of    Wisconsin  and   Minnesota    similar    to    the    1 
sandstone. 
8.  Chazv  limestone. 

4.  Binrs-eve  an<l  Black  liiver  limest<jne. 

5.  Trenton  limestone. 

( lalena  or  lea<l-bearing  limestone  of  Wisconsin,  Iowa,  an<l  Illinois 
o>rnize<l  at  the  Kast. 

H.  Utica  slate. 

7.  Hudson  River  shales.  |Include<l  in  the  Hudson  River  group. 

8.  Grav  sandstone. 

9.  Oneida  conjrlomerate. 

10.  Meilina  sandstone. 

11.  Clinton  jrroup. 

12.  Niagara  j^roup,  coralline  limestone  of  Schoharit*. 

18.  Onondapi  s;ilt  jrrouj*. 

14.  Tentaculite or \vat(M* limcstnin 
lo.  IVntameriis  limestone. 
1<>.  Helthyris  slialy  limestone. 
17.  Kncrinal  limestone. 

15.  rpiKT  IVntamerus  limestone 

19.  Oriskanv  santlstonc. 

20.  Cauda-pilli  <;nt. 

21.  Schoharie  jrrit. 

22.  Onondaga  limestone. 
28.  Corniferous  limestone 

24.  Marcellus  sliale. 
2o.  Hamilton  group. 
20.  Tully  limestone. 
27.  <  tene.^ee  slatt'. 

25.  Portage  grouj>. 
2IK  Chemung  group. 

80.  Sandstone  and  shale  ul  the  Caiskill  .Monntaiii-. 

81.  <iray  ami  yellow  sandst<>ne. 
.'>2.   (treat  Carboniferous  limestone. 

The  t'oMowing  was  given  to  show  the  (Mjiiivalencv  of   the  ('lit 
stone  with  the  New  York  group: 


l^>\v«'r  HeMt-rlKML'  ir?'»n|». 


CpjK'r  llelderljerg  ;:?itup. 


I  iamilton  group 
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«>n. 


Wanting  in  the  States  north  of  the  Ohio  River 


■ 

').  Trenton  liincstone. 

<ialena  limestone.        /'Wanting  at  the  ea.<t  and  s<»ntheast. 

t^-H.  Hu(U<on  River  jjnmjK 

?.  Oneida  oonjrlomerate.  I  „,     ,.        ^. 
,-   .-   ,.  ,^  In  antinjf  at  the  west. 

10.  Medina  sandstone.      / 

11.  Clinton  jrroiip.\,  1*11  *•         /  *i     /n-   . 
, ,  ...           -            j-The  Nia&rara  and  the  ejilcjinH»ns  i>ortion  of  tlie  (lint 

12.  Niagara  gron p.  i 

l.'l.  Onondaga  salt  group.     Wanting  west  of  l^ake  Michigan. 

14.  Tentaeulite  limestone. 
In.  Pentamerns  limestone. 
H>.  Delthvris  shalv  limestone. 
17.  Enerinal  limestone. 

15.  I'pper  Pentamerus  limestone. 

\^.  Oriskany  sandstone. \.„     ^.        .  ^i  ^       1        .1        . 

...  ,^     ,        ...      .^  >\\  anting  at  the  west  and  southwest. 

lU  Cauda-galh  grit.        > 

21.  Schoharie  grit. 

22.  Onondago  limestone. 
2:i.  Coruiferous  limestone. 

The  following  table  was  intended  to  show  the  equivalc^ncv  of  the 
New  York  forms  with  those  of  Europe: 

I ,     ,  .,    ^        i?  Trenton  limestone,  in  part. 

f,     ,  ,  ,         /Hudson  River  group. 

tarwl(M't»andstone.<^,,.  ^  •       ' 

I  Clint*  m  group,  in  ])art. 


WfuliH'k  series.' 


Clinton  group,  in  part. 

Niagara  group. 

I^)wer  Ilelderlx^rg  limestones. 


{ w 


Ludlow  Heri(4«  and  Devonian  system., 


I'pper  Helderl)erg  limestones. 

Hamilton  group. 

Chemung  group. 

Red  sandstone  and  shale  of  Catskill  Mountains. 

The  Chazv,  Bird's-eye,  and  Black  River  limestones,  the  Onondaira 
^It  ^Toup  and  the  Oriskany  sandstone  he  regarded  as  having  no 
repre.^^entation  among  British  stmta. 

Commenting  on  the  proportion  of  species  represented  hy  European 
authorities  as  ]>a.s.sing  from  Devonian  to  Carboniferous,  he  wrote: 

It  is  so  enonnoiAly  great  that  we  find  no  parallel  to  it  in  any  preceding  {)eri(Ml. 
*  *  *  From  all  these  facts  there  seems  to  be  but  one  conclusion,  and  that  is,  in 
the  British  Isles  particularly,  either  there  are  remarkable  e.xceptions  to  the  general 
law  in  the  continuation  of  species  from  one  to  another  or  that  there  is  no  foundation 
for  a  distinction  between  the  Devonian  and  Carboniferous  svstems. 

Further  on  he  wrote: 

We  can  not  avoid  the  conclusion  that,  if  we  adopt  the  Devonian  system  with  the 
limits  suggested  by  foreign  writers,  we  must  droj>  fon^ver  the  attempt  to  re«'ognize 
the  l..udlow  division  of  the  Silurian  svst*»m. 
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The  drift  ])lienoiiiena  of  the  rej^ion  studied  by  Fost4»r  jind  Wh 
ueMronthe  "^^v  Were  described   by    E.   Desor,   who   divi(l(»d   t\ 

•  ^^'^"  deposits    into    four    classes,    as    follows,    bejfinnir 

with  the  lowermost: 

1.  A  layer  of  coarse,  pebbly  loam  called  ** coarse  drift/' 

2.  Clay  restinj^  either  on  the  coarse  drift  <»r  directly  on  the  rock. 

3.  \  deposit  of  sand,  gravel,  and  iK^bbles,  irregularly  stratitieil,  rt^tinjr  n|Km  tli 
dav  or  the  bed  rock. 

4.  Isolates!  Iwwlders  scattered  over  the  whole  region. 

While  disclaiming  any  intention  of  giving  a  general  theory  for  th 
causes  and  origin  of  the  drift,  he  argued  that  the  phenomena  h 
described  indicated  neither  paroxysmal  agencies  nor  the  oi^eration  o 
any  single  cause,  however  long  continued.  ^'They  disclose  a  loiij 
series  of  events  which  have  resulted  from  causes  highly  diversified 
and  as  3^et  imperfectly  known.  Three  periods  are  recognized  in  th 
history  of  the  drift  of  the  Lake  Superior  region:  (1)  '  The  period  o 
the  grooving  and  polishing  of  the  rocks,'  which  '  must  be  considere 
as  the  dawning  of  the  drift  epoch;'  (2)  a  period  of  comparative  qui 
es<^ence,  extending  over  a  long  period  of  time  and  during  which  th 
stratum  of  red  clay  was  deposited.  This  is  the  second  era  of  the  drift 
(3)  The  overlying  stratum  of  sand  and  gmvel  presumably  formed  b 
water,  but  at  higher  levels  than  the  clay  and  indicating  a  still  furthe 
d(»pressioii  of  the  land.  This  period  characterized  by  intervals  of  ajr 
tjitioii  and  repose.  lie  considered  that  eartlujuake  waves,  accordin 
to  II.  I).  R()g(»rs*s  ingenious  theory,  niHilif  be  responsible  in  part  f( 

tll(*S(»." 

Tli(»  transportation  of  the  bowlders,  he  thought,  took  place  at  tl 
dose  of  the  drift  epoch. 

In  another  article  in  the  American  rlournal  of  Science  for  the  sun 
y(»ar  (lsr»iJ),  concerning  the  post-Pliocene  of  the  Southern  States  ai 
its  lelation  to  th(»  Laurentian  of  the  Xoi'tli  and  the  (le[)osits  of  tl 
Mississippi  \'alley,  Desoi*  attcMupted  to  accotmt  for  the  large  bowlde 
in  the  drift  of  Lonir  Island  i)V  means  of  ice  rafts.  The  l)owld(»rs 
the  post-Pliocene  of  the  Southern  States  were  doubtfully  refei-red 
watei*  action  onlw 

Desor,  according  to  Marcou,  was  a  (iernian.  who  had  come  to  Amc 
ica  as  pi'ivate  secn^tary  to  Agassiz,  and  whatever  views  he  may  ha 
had  on  glaciation  or  other  scientific  subjects  may  l)e  regarded  as  main 
absorbed  rather  than  learned  fi'om  obsignation.  Throuofh  becomii 
over -presumptuous  he  had  a  falling  out  with  his  master,  which  result 
in  his  discJuirgc  in  ls4S  and  return  to  (lermany  in  1851^  passing  th 
b(»von(l  the  limits  of  our  field  of  studv. 

»J.  I).  Dana,  as  aln^idy  noted,  sei'ved  as  geologist  in  the  I'nit 
States  exploring  expedition  under  Ca[)tain  \\'ilkes.  during  thi»  yea 
ls8s-4:^.     The  n^sults  of  his  observations  durino-  this  time  are  embc 
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iM  in  the  tenth  volume  of  the  reports  of  the  expedition,  a  royal  octavo 
^  of  756  paffes,  with  a  folio  atlas  of  21  plates.     Manv  of 

Dana  and  the  Wilkes  .... 

|>cpioriiBif  the  conclusions  given  in  this  volume  were  tirst  pub- 

lished in  the  columns  of  the  American  Journal  of 
Science,  and  have  already  received  attention. 

One  of  the  earliest  results  of  Dana's  work,  as  here  chronicled,  whs 
the  establishment  of  the  principle  that  temperature  influences  the 
^owth  and  distribution  of  corals.  A  claim  to  priority  in  this  discov- 
ery was  nniade  by  James  P.  Couthouy,  and  brought  about  a  personal 
controversy  somewhat  bitter  between  the  two  authors.  This  has  been 
alluded  to  elsewhere  (p.  373). 

The  existence  of  harbors  about  the  coral-bound  reefs  Dana  attrib- 
uted largely  to  the  action  of  tidal  and-  local  marine  currents,  though 
the  presence  of  fresh-water  streams  may  have  contributed  toward  the 
same  end. 

He  rejected  the  then  popular  theory  of  the  formation  of  coral  reefs 
and  atolls  through  the  gradual  subsidence  of  volcanoes,  the  crater  cor- 
responding to  the  lagoon  and  the  rim  to  the  belt  of  land,  though 
believing  that,  beyond  question,  a  subsidence  had  taken  place  through- 
out a  large  part  of  the  Pacific,  and  hence  that  subsidence  must  form 
a  part  of  any  true  theory  of  the  origin  of  the  reefs. 

He  believed  that  the  atoll  once  formed  a  fringing  reef  about  a  high 
island.  This,  as  the  island  subsided,  became  a  barrier  reef,  which 
continued  its  growth  while  the  land  slowly  disappeared.  The  area  of 
waters  within  finally  contained  the  last  sinking  peak,  which  itself 
finally  disappeared,  leaving  onl}-  the  barrier  at  the  surface  and  an 
islet  or  two  of  coral  in  the  inclosed  lagoon. 

These  were  essentially  the  views  put  forward  independently  by  Dar- 
win. The  recent  work  of  the  younger  Agassi z  has  shown  them  to  be 
not  wholly  correct. 

From  the  actual  extent  of  the  present  coral  reefs  and  islands  Dana 
inferred  that  the  whole  amount  of  high  land  lost  to  the  Pacific  by  this 
subsidence  was  at  least  50,000  square  miles,  probably  much  greater, 
though  he  would  not  go  so  far  as  to  conclude  that  a  continent  once 
occupied  the  place  of  the  present  ocean,  or  indeed  of  a  portion  of  it. 

In  the  discussion  of  the  Hawaiian  volcanoes  it  was  noted  that  no 
apparent  connection  existed,  so  far  as  indicated  by  the  phenomena  of 
eruption,  between  Mount  Loa  and  Kilauea,  IB  miles  distant  and  more 
than  10,000  feet  lower.  It  was  therefore  concluded  that  the  two 
conduits,  which  he  assumed  were  once  connected  by  a  fissure,  had 
'>ecorae  isolated  through  the  solidifying  of  the  lava  between  them,  each 
conduit  being  possibly  a  separate  branch  of  some  deep-seated  channel. 

The  wide  diflference  in  the  height  of  the  columns  of  lava  in  two  vol- 
canoes so  near  together  as  those  noted  above  caused  him  also  to  doubt 
the  statement  so  commonlv  made  bv  writers  of  that  day  to  the  effect 
that  volcanoes  were  safety  valves. 
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Assim^iily,  if,  whilf  Kilaiioa  in  <»ikmi  <>ii  tlu*  flanks  of  Muiint  l>»a  —  n  vast  jniH  .^{ 
miles  in  <lianieter--  lavas  still  rise  ami  are  ixuired  out,  Kilanea  is  no  safety  valve 
even  io  the  an*a  covere^l  by  thip  sinj^le  mountain  alone. 

The  conclusions  ba^ed  upon  the  study  of  these  Hawaiian  volcanoes  * 
wcMT  to  the  effect  that:  Z 

1.  The  majority  of  the  Pacific  volcanic  sunnnits  were  formed  from  -? 
successive  eruptions  of  nioltx^n  rock,  alternating"  sometimes  with  cinder  i 
or  fragmentary  ejections.  1 

'2,  That  the  eruptions  are,  in  general,  the  result  of  a  rising  or  ascent  | 
of  the  lavas,  owing  to  the  inflation  by  he^it  of  such  vaporizable  sub- 
stances as  sulphur  and  water,  the  overflow  or  lateral  outbreak  taking 
pla<*e  in  consecjuence  of  the  increased  pressure  from  gravity  and  from 
the  elasticity  of  the  confined  vapors,  the  contniction  of  the  earth's  sur- 
face being  no  more  necessary  for  an  eruption  than  the  contniction  of 
the  sides  of  a  pot  of  water  to  make  it  boil. 

He  concluded  further  that  volcanic  action  usually  proceeded  from 
fresh  water  gaining  access  to  a  branch  belonging  to  some  particular 
outlet  or  vent,  and  not  to  a  common  channel  at  greater  depth.  The 
lack  of  sympathetic  action  l>etween  two  neighboring  vents  was  thus 
explained  on  the  ground  that  the  union  of  their  channels  ''took  place 
far  below  the  l<»vel  to  which  the  waters  that  ordinarily  fc?<-d  the  fires 
gain  access." 

To  th(»  elevation  theories  of  volcanic  cniters  advocated  bv  Von  Buch 
he  took  exception,  as  ho  did  also  to  the  theory  of  Bischoff.  who 
appealed  to  the  internal  igneous  fluids  for  the  source  of  volcanic  action. 

The  hijxhlv  felds])athic,  coarselv  crvstHlline,  and  solid  centers  of 
certain  vokanic  mountains,  in  contrast  with  the  more  vesicular  and  less 
dense  outer  }X)rtions,  h(*  rightly  ascribed  to  slowness  in  cooling,  the 
central  mass  b(»ing  protected  on  all  sides  from  the  external  air.  Inci- 
dentally he  discussed  a  piobliMu  which  has  become  known  to  modern 
petroo raphe rs  as  that  of  magniatic  differentiation.  He  argued  that, 
given  a  large  crater  like  that  of  Kilauea,  the  rise  of  the  lavas  through 
the  c(Mit(M*  would  be  accompaniiMl  by  a  descending  current  along  the 
side,  thouirh  of  less  distinctness.  The  essential  constituents  of  a  rock, 
for  exampl(\  being  augite  and  feldspar,  wherever  the  temperature  of 
the  licjuid  mass  becomes  sulliciently  lowcM'cd,  there  the  felds^mr  will 
coniiiKMice  to  solidifv  or  will  slowlv  stiffen  in  the  midst  of  the  fluid 
material  made  up  of  the  other  ingredients.  Tnder  these  ccmditions 
th(»  ascending  vapors  vould  urge  the  feldspar  upward  much  less  freely 
than  the  more  li<iuid  part  of  the  lava,  for  the  latter  would  yield  more 
readily  to  the  inflating  vapors  and  thus  become  lighter  and  rise  to  the 
surface.  This  process,  going  on  throughout  the  whole  progress  of 
the  cone,  would  k(M'p  the  center  f(»ldspathic  below  a  short  distance 
from  the  sunmiit.  The  residue  from  the  feldspathic  crvsUillization. 
co7)sisrin^'-  of  ferruginous  silicates,  would  be  brought  upward  in  the 
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form  of  u  frotliy  scoria  which  must  on  eithor  sidr,  in  jisirt,  ivtuni  to 
jsupply  the  place  of  the  a«cendiiij^  ciiiTont.  On  cooling,  then,  the 
more  Iwisaltic  portions  would  constitute  this  (exterior  descending  part. 
Thus,  a  feldspatbic  center  and  ]>asjdtic  flanks  would  be  the  result  of 
one  and  the  same  process.  This  feldspathic  center,  further,  hv  being 
inclosed  within  a  thick  covering  of  rocks,  would  cool  slowly,  forming, 
perhaps,  disseminated  crystals  in  the  earthy  base,  or,  if  cooling  suffi- 
ciently slowly,  a  crystiiUine  granular  mass  like  granite  or  syenite. 
He  recognized  the  fact — 

that  particular  rocks  have  no  neoesHary  relation  to  time,  excepting  so  far  n»  time  is 
connected  with  a  difference  in  the  earth's  temjieratnre  or  climate  an<l  also  in  (X^eanic 
or  atmoepheric  pressure,  for,  if  the  elements  are  at  hand,  it  recinires  only  <lifferent 
drcamstances  as  regards  pressure,  heat,  and  slowni'ss  of  cooling  to  form  any  igneous 
rock  the  worl<l  contains. 

The  date  of  the  beginning  of  volcanic  activity  on  the  Hawaiian 
Islands  he  placed  as  far  Imck  as  the  early  CarlK)nifer()us  or  Silurian 
epoch,  and  believed  that:  (1)  There  were  as  many  separate  rents  in  the 
region  as  there  are  now  islands;  (2)  that  each  rent  was  widest  in  the 
southeast  portion;  (3)  that  the  southernmost  rent  was  the  largest,  and 
(4)  that  the  order  of  extinction  of  the  volcanoes  wjis  iis  follows: 

1.  Kauai. 

t  Western  Oahu. 

3.  Western  Maui  (Mount  f^ka). 

4.  Eastern  Oahu. 

5.  Northwestern  Hawaii  (Mount  Kea). 
^».  Southeast  Maui  (Mount  Kale-a-kala). 
7.  Southeast  Hawaii  (Mount  Loa). 
From  the  general  arrangement  of  the  islands  in  tlie  Pacific  and  the 

!>tudy  of  the  phenomena  connected  therewith  the  conclusion  was  reached 
that  the  Hawaiian  group  originated  in  a  scries  of  rents  or  ruptures 
•seldom  continued  at  the  surface  for  a  long  distance,  but  frequently 
advancing  successively,  one  after  the  other,  causing  the  resultant 
islands  to  appear  in  the  form  of  a  curve  rath<»r  than  a  straight  line, 
and,  further,  it  was  announced  that:  (I)  While  straight  ranges  are  of 
occasional  occurrence,  curved  ranges  are  still  more  ccmnnon:  (2)  that 
curvature  may  arise  either  from  a  gradual  change  of  trend  in  the  sub- 
ordinate parts  or  from  the  position  of  these  parts  in  a  series:  O^}  that 
the8ame  great  chain  may  change  its  direction  r>o  or  more,  and  con- 
''ecjuently  (4)  the  course  of  a  mountain  chain  can  be  no  (evidence  of  its 
age.  In  this  it  will  be  observed  he  diflfered  mdically  from  Klie  de 
Beaumont. 

Dana  noted  further  that  the  Pacific  islands  were  arranged  mainly  in 
two  systems  of  linear  groups  nearly  at  right  angles  with  each  other, 
^he  linear  groups  being  based  on  a  series  of  ruptur(»s  instead  of  a 
"tingle  uninterrupted  fissure.     Th(»  prevailing  uniformity  of  trend  of 
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these  li8.su res  or  ruptures  he  believed  to  be  due  ])oth  to  the  nature 
tlie  crust  fractured  and  the  direction  of  the  fracturing  forces.  I 
accepted  the  doctrine  of  an  earth  cooled  from  a  state  of  fusion,  an 
regarded  the  influence  of  electric  currents  on  the  position  of  cent 
nents  in  process  of  formation  as  an  established  fact.  An  outer  cnij 
having  once  formed,  the  deep-seated  crystallization  would  go  on  at 
rnte  inconceivably  slower,  and  circumstances  would  be  favorable  fc 
a  coarse  crystallization  of  the  material  below  and  for  the  operation  ( 
electrical  currents.  The  rupturing  force  he  believed  to  be  contractic 
caused  by  cooling.  He  argued  that  a  cooling  globe  incrusted  over  fc 
refrigeration  while  contraction  was  still  going  on  beneath  would,  lit 
a  Prince  Rupert's  drop,  be  in  a  stat«  of  tension.  Such  a  tension 
bound  to  produce  fractures  and  displacements,  the  direction  of  whic 
would  depend  on  rate  of  cooling  in  different  parts  and  on  the  chanf 
in  the  earth's  oblateness  accompanying  a  diminution  of  its  diamete 
He  concluded,  from  the  absence  of  volcanoes  in  the  interior  of  cont 
nents,  that  these  portions  of  the  globe  cooled  first  and  became  soli 
the  intermediate  portions  cooling  later  and  at  a  less  rapid  rate  coi 
tracted  most,  since  the  crust  was  here  thinnest.  The  oceanic  arei 
would  therefore  be  gradually  subsiding  and  the  tension  increasin; 
moreover  the  tension,  from  its  nature,  would  be  exerted  nearlv  hoi 
zontally.  He  inferred,  therefore,  that  the  subsiding  oceans  have  pr 
duced  the  mountains  of  the  continents,  and  that  the  oceanic  ai 
continental  arejis  have  never  changed  places,  and  saw  no  reason  f 
appealing  to  an  incouiprelionsible  subterranean  force  for  the  uplil 
ing  of  the  mountain  chains  or  the  continents.  Such  ma\'  have  l>e 
"only  a  result  on  the  whole  of  the  deepening  of  the  ocean's  bo 
It  is  obvious  *  *  *  that  the  earth  has  rc^ached  its  present  cc 
dition  by  gradual  progress  from  a  state  of  prolonged  igneous  acti 
through  epochs  of  increasing  quiet,  interrupted  by  distant  peric 
of  violence,  to  the  present  time,  when  even  the  gentlest  oscillatic 
of  the  crust  have  almost  ceas(»d.''  These  same  ideas  he  had  previou? 
put  forward  in  a  paper  in  the  American  Journal  of  Science  on  t 
Origin  of  some  of  the  Physical  Features  of  the  P^arth's  Crust,  not 
<'ls(»when». 

In  his  discussion  of  the  origin  of  the  coal  beds  of  New  South  Wal 
Dana  concludcMl- 

that  the  layers  of  the  coal  series  \v(»re  probahly  deposited  by  fresh-watvrs  during 
«lifferent  stages  of  annual  floods  and  wider  deluges  oecnrrinjj:  at  more  distant  i>eri» 
that  the  sul>si<len('e,  which  may  have  been  gradual  during  the  c<ml  dep(xsits.  tin? 
subinerge<l  tlu*  whole. 

Another  important   observation   hearing  on   the  same  subject  v 
made  when  writing  on  the  geology  of  Luzon  and  it^  coal  beds: 

One  of  the  interesting  points  about  this  lake  ( Laguna  de  Bay)  is  the  fact  that  \ 
(piantities  of  plants  live  on  its  surface  and  pass  down  the  river  into  the  bay,  cai 
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io)r along  jTFeat  nuinbere  of  freeli-water  Miiailfl  of  different  hihhuch.  Ilen^  \v(>  hHV(>, 
fhtrvfore,  frwh-water  HhellH  and  vegetation  wlii(?li  in  not  marine  actuiiniilating  iuuUt 
Alt  water,  for  tliey  sink  aft^^r  a  while  and  nnist  1>e('onie  burie<l  in  the  niu<l  of  tlie 
bottom,  alon);  with  the  remains  of  marine  life.  This  floating  vegetation  illuHtniti's  a 
theory  with  regard  to  the  vegetation  of  the  coal  l)edH. 

The  gold  excitement  of  California  in  1848-4U  drew  attention  to  a 
region  the  geologj*  of  which  was  pnu*tically  unknown.  Fremont's 
expedition  to  California  and  Oregon  in  1848-44  wa8  not  accompanied 

by  a  fifeoloffist,  and  the  few  fosvsils  collected  were 
cmhnom,  dcHcribed  by  James  Hall.     Some  Notes  on  the  Cali- 

1149^1851 

fomia  Gold  Region,  six  pages  only,  were  given  by 
(•.  S.  Lvman  in  the  American  Journal  of  Science  for  184J),  while 
J.  I).  Dana  had  touched  upon  the  subject  during  his  return  overland 
after  the  disaster  to  the  Wilkes  Exploring  Expedition.  The  main 
gold-bearing  area  was,  therefore,  practically  an  unknown  land.  The 
ippearance  in  1850  of  Philip  T.  Tyson's  Geology  and  Industrial 
Resources  of  California  was  consequently  important.  Tyson  seems 
to  have  gone  to  California  in  184J^  as  a  private  citizen,  but  so  great 
was  the  demand  for  information  concerning  the  region  that  on  his 
return  he  made  a  report  to  (-ol.  J.  J.  Abert,  which  was  printed  as  a 
Senate  document  the  year  following. 

In  this  report  Tyson  gave  eight  sections  across  the*  gold  country, 
two  of  which  extended  from  the  cojust  to  the  Sierras.  These  were  pub- 
lished as  mere  outlines,  showing  the  direction  of  the  dip  of  the  rocks, 
but  with  no  pretense  to  scale.  He  descril)ed  the  western  flank  of  the 
Sierras  as  consisting  of  a  vast  mass  of  mi^taniorphic  and  hypogeiu^ 
rotks,  stretching  from  the  Sacramento  Valley  to  the  axis  of  the  moun- 
tains. The  metamorpliic  rocks,  mainly  slates,  containi^d  the  veins  of 
auriferouii  quartz,  through  the  breaking  down  of  which  had  b(M>n 
derived  the  gold  found  in  the  gravels  of  the  ravines. 

Making  all  due  allowance  for  Tyson's  laudable  desire  to  check  the 
wide  and  rapidly  spreading  excitement,  bordering  almost  upon  insan- 
ity, caused  by  groasly  exaggerated  accounts  of  the  richness  of  the 
mines,  still  it  would  seem  as  if  through  overzealousness,  or  perhaps 
through  actual  ignorance,  he  underestimated  their  value,  both  to  his 
own  and  others  detriment.  But  it  nmst  be  remembered  that  at  that 
time  and  in  that  remote  region,  deposits,  either  placer  or  in  veins, 
that  could  to-day  be  profitably  worked,  were  valueless.  He  warned 
praspec'tive  investors  that  the  large  bodies  of  gold-bearing  (juartz  found 
on  the  surface  would  if  followed  be  found  to  be  "nothing  more  than 
descending  veins  securely  held  between  solid  rocks,  and  that  the  cost 
of  mining  such  was  enormous,  whilst  the  chances  were  almost  wholly 
against  their  containing  gold  in  pro[>ortion  that  w^ould  pay  expenses.'' 
Indeed,  Tyson  regarded  the  prospect  of  a  profitable  mining  of  tin* 
veins  as  ^* altogether  too  remote  and  uncertain  to  be  relied  on." 
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THE  ERA  OF  STATE  SURVEYS.  THIRD  DECADE,  1850-1859. 
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The  i)eriod  of  tinancial  depression,  wliit-h  proved  so  fatal  to  the 
State  surveys  durliijjf  the  last  decade,  had  run  its  coursi*.  Sevei'al 
new  Stat<*s  had  in  the  meantime  been  added  to  the  riiion,  some  of 
which  showed  commendable  promptness  in  autliorizing  t^^t^olotificai  sur- 
veys. New  organizations  were  thus  formed  in  fourteiMi  Stat(»s,  ^*%l^t 
of  which  hatl  made  no  previous  attempt.  These  eij^ht.  in  alphabetical 
order,  are  California,  Illinois,  Iowa,  Kentuekv,  Mississippi,  Missouri, 
Texas,  and  Wisnronsin.  Six  SUites  for  the  second  time  undertook 
the  work — Michigan,  New  Jersey,  North  and  South  Carolina.  T<mi- 
nessiee,  and  Vermont.     The  National  (iovernment  was  also  active*,  the 

•Vi>J  most  ini})ortant  undertaking  l>eing  the  surveys  in  <*onncction  with  the 
propcxsed  Pacitic  railways.  In  addition  to  these,  Capt.  K.  ]\.  Marcy 
made  a  survey  of  the  Ked  River  region  of  Louisiana,  Maj.  W.  II. 
Emory  one  of  the  Mexican  l>oundary,  and  Colonel  Pope  one  into  th<», 
arid  region  of  New  Mexico  aUnig  th<»  thirty-second  parallel.      To  each 

•"hi  5  and  all  of  these  exp<>ditions  geologists,  or  at  least  naturalists,  were 

*>l  attached.     In  the  British  provinces  LogaiTs  survey  was  doing  good 

I   '5er\'ice,  while  Dawson,  akme  and  unofficially,  was  working  in  Nova 

t^  ~  I  Sc'otia. 

a^-l      This  wai*  an  era  of  publication,  not  merely  of  reports,  l)ut  of  books. 
*>- 1   Enimons's  American  Geology,  Dawson's  Acadian  ( leology,  Hitchcock's 

i-~  Geology  of  the  Globe,  Lesley's  Manual  of  Coal  and  his  Iron  Manu- 
fadurer^s  Guide,  Owen's  Key  to  the  Geology  of  the  (ilobe,  and  AVIiit- 
nev's  Metallic  We^alth  of  the  United  States  wcM-e  among  the  more 
important  local  productions.  The  publication  (»f  i)v  far  the  greatest 
iniporbmce  of  this  decade  was,  however,  the  long-delayed  rc^poit  of 
the  Pennsvlvania  survev,  to  which  allusion  has  been  made  elsewhere 
two  pondei*ous  quartos  which  were  truly  (»poch -making,  although 
luauy  of  the  more  striking  f<»atures  had  found  their  way  into  print 
elsewhere.  The  issuance  of  Murchison's  Siluria,  the  ninth  <'dilion  of 
LyelPs  Principles,  and  F.  Koemer's  Die  Ki'eidebildungen  von  Texas 
weri»  also  matters  worth v  of  note.  nitchco<k's  Surface  Feature^ 
Wongs  to  this  era,  and  marked  the  beginning  of  >v^t<Mnalic  study 
along  lines  of  physiography.  Among  the  new  names  will  l>e  found 
thow  of  W,  P.  Blake,  J.  W.  Dawson,  Leo  lji'S(piereux,  Oscar  Lieber. 
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Willuiiii  Logan,  James  (1.  Percival,  J.  S.  Newberry,  James  Safford, 
G.  C.  Swallow,  Alexander  Winchell,  and  Amos  H.  Worthen. 

An  agricultural  and  geological  survey  of  Mississippi  was  inaugu- 
rated in  connection  with  the  State  University  through  an  act  of  the 
legislature  approved  March  5,  1850.  Under  this  act  Dr.  John  Mil- 
Miiunffton  and  Hugtou  was  appointed  professor  of  geology  and  agri- 
MiwM'ppi[ri850-  culture,  in  connection  with  the  professorship  of 
*®"'  chemistry,  which  he  already  held.     Professor  Milling- 

ton,  however,  relinquished  the  situation  the  latter  part  of  1850  with-  . 
out  having  made  a  report,  and  in  1852  was  succeeded  by  Prof.  B.  L.  C. 
VVailes.  Professor  Wailes  made  but  one  report,  this  an  octavo  vol- 
ume of  856  pages  and  an  appendix.  Of  this,  but  pages  2o7  to  'iSS 
deal  with  matters  strictly  geological.  The  work  is  by  no  means  of  a 
high  order  and  made  no  permanent  impression  upon  the  science  of 
geology  either  in  the  State  or  country  at  large.  His  colored  section© 
are  crude  and  the  language  pedantic.  In  fact,  there  is  scarcely  a  sin- 
gle original  observation  which  can  be  unhesitatingly  accepted,  owiu^ 
to  the  genei*al  air  of  unfamiliarity  with  the  subject  that  everywhere 
prevails. 

He  made  no  attempt  to  classify  the  rocks  he  described  otherwise 
than  Cretaceous,  Tertiary,  and  Quaternary,  and  inferentially  classed 
among  the  latter  the  sandstones  of  the  Grand  Gulf  group,  whitth  he 
mentioned  as  overlying  the  Diluvial  gravel.  He  traced  corrcctK. 
according  to  Ililgjird,  the  northern  limits  of  Grand  (lulf  formation 
from  the  Mississippi  across  the  Pearl  Kivcr  to  Brandon,  and  descrii)ed 
its  occurnMice  in  southwestern  Mississippi. 

In  IS51  Ebenezer  pjnmons,  heretofore  connected  with  the  survey  of 
New  York,  was  appointed  State  geologist  of  North  Garolina,  a  i)osi- 
tion  he  continued  to  hold  until  tlie  time  of  his  death  in  I8tl8,  though  the 

work  of  the  survev  came  to  a  close  in  1S60,  owin^r  to 

E.   Emmons's  Work  i  •        •    i  *      •      i  t-*  •  ii 

in  North  Carolina,      the  Outbreak  ot  the  civil  war.      hmmons  was  assisted  ))v 

his  son,  Ebenezer  Ennnons,  jr..  and  during  his  period 
of  office  issued  five  reports,  the  first,  bearing  the  date  of  lSo*J,  forming 
an  octavo  pamplilet  of  lx\  pages.  It  relatc^d  principally  to  the  geology 
of  the  eastern  counties  and  the  coal.  Emmons  recognized  tlu»  fact 
that  the  coal-bearing  rocks  of  North  Carolina  were  not  of  the  same  age 
as  those  of  Pennsvlvania.  and  reo-arded  them  as  i)r(\sunial)lv  of  the 
same  age  as  those  of  the  Richmond  coal  fields,  which  at  that  time  were 
thought  by  Prof.  W .  H.  Hogers  to  b(»  Liassi<'.  though  Emmons  (jues- 
tioned  if  thev  miiifht  not  be  Permian  or  Triassic. 

The  finding  of  saurian  remains  in  the  san(lston(\s  he  regarded  as 
])ointing  to  their  i^os.sible  P(M*mian  age.  though 

The  iiK-ajicr  list  of  plants  ami  animals  '^  *  *  fnrnish  onls  i:i()un«ls  tor  ronjor- 
tnrt'  to  what  age  tin*  formations  belong.  Mv  opinion,  «leri\f<l  fnwn  all  the  facts  an<l 
circumstances  known  to  me,  inclines  me  fo  a«lopt  the  belief  that  it  is  the  upper  New 
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fied  sandstone.  Still,  if  the  Richmond  coal  basin  in  of  the  same  a^  hh  the  (M)al  rockn 
of  North  Carolina,  geologiflts  will  be  disposed  to  place  the  series  along  with  the 
(tolitesor  Lias,  as  Profs.  W.  B.  Rogers  and  Sir  Chas.  Lyell  have  done.« 

EoimoDs  in  this  work  rejected  completely  the  old  Wernerian  classi- 
fication of  (1)  Primitive,  (2)  Transition,  and  (3)  Tertiary,  and  intro- 
duced that  given  in  tabular  form  below.  It  seems  to  have  met  with 
little  favor,  and  was  not,  so  far  as  the  present  writer  is  aware,  adopted 
in  a  single  insta^  ce  elsewhere. 

EMMOXS'S    RCK^K    CLASSIFICATION,  PKOPOMEl)    IX    1852. 

I.  Fyroerystalliue — crystallized  by  the  agency  of  fire.     Primary  of  author^^. 
II.  Pyroplastic — molded  by  fire.     Ancient  and  modem  volcanic  rock  of  authors. 

III.  Hydroplastic — molded  by  water.     Sediments  of  authors. 

The  first  class  is  divided  into  two  sections: 

1.  Unstratifieil  pyrocrystalline,  as  granite,  hyperstheue  n>ck,  pyrocrystalline  lime- 
stone, neuite,  magnetic  iron  ores. 

2.  Stratified  pyrocrystalline  gneiss,  mica  slate,  talcose  tJlate,  and  hornblende 
J^eatite. 

The  second  class  is  divided  into  two  sections,  also: 

1.  Modem  pyroplastic  rocks,  lavas,  tuffs,  pumice,  and  all  the  pro<lucts  of  volcanoes, 
which  are  coole<l  in  the  air. 

2.  Ancient  pyroplastic  rocks,  the  ancient  lavas,  cooled  under  water,  basalt,  i»or- 
I'hyry,  and  green  stone. 

The  third  class  is  divided  into  svst^nis,  most  of  which  are  admitted 
^v  geologists  of  this  day. 

The  S3'stems  l^elonging  to  the  class  of  hydroplastic  rocks,  the  con- 
solidated and  loose  sediments,  are  exhibited  in  the  following  table: 

I.  Tertiary  system: 

1.  Postpliocene. 

2.  Pliocene. 
3  Miocene. 
4.  Eocene. 

n.  Cretaceous  system: 

1.  Upper  Cretaceous,  including  the  true  chalk,  with  flints. 

2.  Lower  Cretai'eous,  including  the  green  sand,  iron  sands,  etc. 
ni.  Wealdon,  unknown  in  the  United  States. 

IV.  Oolite  and  Lias. 
V.  New  Red  Sandstone  or  Trias: 

1.  Upper. 

2.  Middle. 

3.  Ix)wer. 


''At  a  meeting  of  the  Boston  Society  of  Natural  History  on  January  4,  1854,  Prof. 
U'.  B.  Rogers  summed  up  the  evidence  regarding  the  red  sandstone  of  Virginia  and 
Vorth  Carolina,  and  found  it  ''to  confirm  the  conclusion  of  their  JuntsHic  date." 
The  fossils  thus  far  formed  in  the  mure  western  re<l  sandstone  belt  and  its  exteiision 
hruugh  Pennsylvania  and  New  Jersey  showed  this  also  to  l)e  Jurassic,  a  little  lowtT 
Tobably  than  that  of  Vii^inia  and  North  Carolina.  He  felt  that  there  wiis  little 
onbt  but  that  the  same  conclusions  would  apply  also  to  the  sandstone  of  the  Coii- 
ecticot  Valley. 
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VI.   Perinian  Hv.-^tein. 
VII.  ('arlx)nift*nm.s  system. 
VIII.  Devonian  HyHteiii.  ' 

IX.  Silurian  svsteui. 

1.  rpiH*r. 

2.  I^iwer. 

X.  Taconic  svsU'ni. 

Knnnons's  second  report,  comprising  351  pages,  was  issued  in  1856. 
It  related  chiefly  to  the  g<H>logy  and  mines  of  the  so-called  midland 
counties.  In  1S58  his  Report  on  the  Agri(»ulture  of  the  Eastern  Coun- 
ties was  issued.  About  one-third  of  this,  notwithstanding  its  title, 
was  given  up  to  paleontological  matters.  In  18t)0  two  more  rei^rts, 
both  short,  appeared  -  the  one  devoted  mainly  to  agriculture  and  the 
other  a  special  n^port  on  the  swamp  lands. 

In  the  re{X)rt  for  1858  Emmons  announced  a  principle  which  has 
since  been  enunciated  in  somewhat  different  words  bv  our  most  enii- 
nent  authoritv  on  soils.     This,  In  his  own  words,  is  as  follows: 

In  the  examination  of  suiln  the  plivsical  projx^rties  recjuire  as  much  attention  as 
the  elieniieal,  for  in  onler  that  a  goo<l  eheniieal  mixture  of  elements  may  l>e  fertile 
tliev  Hhonlil  iMjsset^s  a  certain  <lejrree  (^f  a<Uiesivene>»i?  or  closeness' which  will  retain 
water. 

A  good  deal  of  attention  was  given  to  the  marls  of  the  State  with 
reference  to  their  avai]a))ility  for  fertilizing  purposes,  though  be 
recognized  the  fact  that,  iinfortmiaiely  for  the  Ix^st  interests  of  i\gv\- 
culture.  thc>c  maris  arc  too  sandy  to  bear  transportation  to  distant 
|)oints. 

A  geological  >iir\  cy  of  Illinois  was  organized  under  an  act  of  tlu 
general  a>scni})ly  apj)rovcd  February  17,  1851.  This  act  authurizec 
the  governor,  auditor,  and  treasurer  to  employ  a  competent  g(H)logist 

who   was   rcijuircd   to   make   '*a   complete  geologies 
iiiririois!**iH5ii°^857.    '^'^^l  minei'alogical  survey  of  the  entire  territory  of  th 

State.'*  and  provided  that 

The  Nii'l  ^t'(il(»j^i>l  >li()ul<l  pi<H'ee<l  t<»  aM-ertain  the  onler,  successive  arranjrenien 
iclativc  position,  dip.  ami  c<»mparati\t'  majinitnde  of  the  several  strata  or  j;e<.>lo^ic: 
i'(»rjiiati«»ns  in  the  State,  and  t<>  search  for  and  examine  all  the  he<l.s  and  <le|M>sits« 
ores,  coals,  clav^.  mails,  rock>,  and  such  other  mineral  suhstances  a^  may  i)resei 
thcm>e]vc>;  to  obtain  chemical  analyses  of  the  same,  and  t«>  determine  )>y  )>aronie 
rical  oliscrvations  the  relative  elevation  of  the  differtMit  p<irtions  of  the  State. 

He  was  also  recjuircd  *'to  i)rorurc  and  preserve  an  entin*  suite  ( 
the  ditlerent  spiH'imcns  found  in  the  Statr\  to  be  preserved  and  pro| 
eriy  arranged  in  a  cabinet,  and  placed  in  the  ollicc  of  the  secretary  t 
state  in  the  State  C'aj)itol:'*  and  eventually  "*to  publish  with  the  tinj 
fe[>orts  a  geological  map  of  the  State/* 

rndri' the  provisions  of  Ibis  acl  Dr.  »l.  (J.  Norwood  was  ap])ointe 
Slate   geologist,   and    the    work   was   begun    in    October,    lsr>l,    bv   :i 
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on  of  the  formations  exposed  in  the  bluffs  of  the  Ohio  River 
shawneetown  and  (^iro. 

.  appropriated  the  sum  of  *3,MU0  a  year  for  carrying  on  the 
!i  1853  the  amount  was  increased  to  $o.(XK»,  with  $50(>  addi- 
r  topographical  purposes.  Up  to  January,  m57,  some 
ad  been  expended,  though  no  report  appears  to  have  been 

lal  trials  of  a  State  geologist  seem  to  have  come  upon  the 
Ir.  Norwood  and  perhaps  some  that  were  unusual.  Be  that 
.  a  committee  was  appointed  to  investigate  the  conditions  of 
The  committee  i-epcn-ted,  however,  thiit  in  their  belief  the 
d  been  well  expende*!,  a  largii  amount  of  work  had  been  done, 
well  done,  and  they  recommended  an  appropriation  of  the 
fi,500  to  enable*  Mr.  Norwood  to 
a  report  on  the  economic  resources 
ite,  on  which  he  was  then  engaged. 
x>rt  of  the  committee  seem.s,  tiow- 
ave  failed  of  its  purpose,  since  the 
ome  was  a  small  octavo  pamphlet 
lan  100  pages  devoted  wholly  to  a 
1  of  the  coals  of  the  Stiiti-,  acconi- 
a  considerable  numbor  of  analyses. 
ort  Ijore  the  date  of  iS57,  and 
rood's  last  tui  well  as  first."  It  was 
tied  by  a  small,  one-page,  colored 
1  map  of  the  State, 
lably,  all  members  of  tlie  iegisla- 
s  not  as  favorably  disposed  towanl 

orwood  as  were  the  members  of  the  investigating  committee, 
Uowing  year  (1H5K)  he  wiis  supplanted  liy  Mr.  A.  H.  Worthen, 
been  connected  with  James  Hall  on  the  State  .siirvey  of  lowa. 
i  the  question  of  the  reestahlishmcnt  of  the  geological  sur- 
diana  was  agitated,  but  nothing camo  of  it  until  the  following 
(n,  acting  under  a  recommendation  of  Governor  J,  A.  Wrfght, 

the  legislature  made  a  small  appropriation  to  become 
irvcyof  available  in  Jitnuarv.  1^")+.     With  this  for  a  beginning, 

the  governoi'  appointed  Dr.  llyland  'I'.   Brown  State 

The  venture  was,  however,  short  lived.     Brown  made  but 

rt,  which   the   iegishituro   refused    to   publish,   and  at   the 

e  refused  further  appropriation  for  continuing  the  survey, 


Norwooil,  in  coniHTiim 
\«ulemy  of  Natural  Sci 
the  work  tlnw  far  iloiif. 


Eiiry  rattoii,  [iiibliflndl  in  the  Jour- 
r  crtniijrisiiig  moiih-  77  [ia>res  nf  text 
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the  main  reason  ^ven  for  sach  action  beiof;  ao  overvsliutioD  < 
Indiana  cxials  on  the  part  of  Brown.  The  report,  it  should  be 
tiODOd,  was  subsequently  publiuhed  in  the  report  of  tbe  boa 
^^culture. 

In  1853,  in  compliance  with  a  resolution  of  the  United  States  Si 
Capt.  H.  B.  Marcy  was  directed  to  proceed  "  without  unneoe 
delay  "  to  make  an  ezamii 
of  the  upper  Ked  River  at 
country  immediately  bold 
upon   it 

w^*?rtS''  **«  mo"! 
Cache  ( 
to  its  sources.  Tbe  offio 
Uie  fflipedition,  which  left 
Belknap,  Texas,  on  the 
May,  consisted  of  Cb 
Mai-cy,  in  charge;  Bvt.  ' 
George  B.  McClellan,  U.  i 
gineer;  andDr.G.G-.Shiu 
the  last  named,  in  additi 
bis  duties  aa  surgeon,  acti 
naturalist.  Tbe  report 
mitted  formed  an  octavt 
unie  of  32n  pages  with  65  p 
of  which  35  may  be  coiisi 
as  geologic'al,  6  of  these 
of  iiivertebmte  fossils, 
geological  part  proper 
[iriwed  but  32  pages,  ' 
were  by  President  Et 
Hit*'hcock,  of  Amherst 
leg(*.  The  invertebrate  f 
were  dewfilwd  l)v  B.  F. 
inanl. 

Dr.  (i.  (I.  Shuuiard's  i 
i-onsisted  of  a  brief  isunimi 
the  geology  of  a  portii 
northwestern  Arkansas,  which  ho  considered  as  essential  to  a  p 
understanding  of  that  whicli  was  to  follow.  MUi-coeded  by  n 
randa  of  the  various  types  of  rocks,  niinenik,  and  formations  j 
over  each  day.  It  was  ac<.-x>inpanio(l  by  ii  colored  geologica 
tion  from  Fort  Belknap.  Texas,  to  Wiisbiiigton  County,  Arki 
showing  a  granitic  axi.-^  Hanked  on  citlior  side  by  Oirbunifei'ous 
stone,  in  its  tiirn  overlaid  bj'  Coal  Measures,  imd  with  Creta 
deposits  tjetween  Fort  Wichita  mid  Cross  TinilHTs  in  Texas. 
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In  tho  paleontological  report  by  Dr.  B.  F.  Shuiiiai-d  then'  were 
described  Carboniferous  fossils  from  Washington  and  Crawford  i-ouii- 
Ues,  Arkansas,  and  Cretaceous  forms  from  Fort  Wiehitii  and  the  Cross 
TimWi-s  regions  of  Texas. 

Hitchcock,  in  his  report,  dwelt  particularly  on  the  possibhi  Carbon- 
tilerous  age  of  various  Ijeds  of  eoal,  repoii^'d  by  Shnmard.  and  the 
tMonomic  \'Hlue  of  the  gj'psum,  as  well  as  the  ores  of  copper  and  gold. 
I  Hls  reference  to  the  canyons  of  the  Rttd  River  is  partieidarly  intereist- 
I  ing  in  view  of  his  early  writingK  regarding  the  Connecticut  (p.  3Hi): 
'  Yoii  xeeiu  in  'Iciubt  whether  this  puve  waw  wuru  hwh.v  hy  the  rivor  or  is  tlio  rcfult 
of  wine  jiaroxyKnal  eonviilrion.  You  will  allow  me  lo  say  that  1  liHve  wiirifly  any 
douht  tliat  the  atrearo  Itcelf  bari  ilotie  ihe  work.  Thu  fa<-t  that  when  u  trihiilary 
Hmni  enters  the  main  river  it  jiaiweH  through  a  Irihutary  cHiiyon  HceniH  tn  nii:  to 
ihtiw  lYindiiravely  that  these  gonies  wett;  prcMluced  hy  erosion  ami  nr>t  by  fnu'tiiri'. 

Two  papers  on  the  subjects  of  rock  decay     

and  erosion,  of  this  year,  are  worthy  of  con- 
sideration. Prof.  Oliver  P.  Hubbard,  of 
Darttnoiith  College,  dnring  a  study  of  the 
trap  dikes,  noted  that  the  same  could  l>e 
traced   continuouslv   across 

HlHvd  BBd  Dana        , 

MSabMrui  the     countrv,     at    varying 

BimIbb,  I8S2.  ,         ,       -  , 

levels,  from  mountain  top  to 
valley  t»ottom.  From  this  fiict  ho  ai^ued 
that  the  valleys  bad  been  carved  out  through 
dwoinposition  apd  erosion  since  the  dikes 
were  formed.  The  diffei^nce  in  altitude  at 
the  various  outcrops  gave,  then,  a  measure 
of  the  amount  of  erosion. 

Dana's  ot>servations,  though  of  a  soinc- 
whal  different  nature,  were  none  the  less  inteiesting.  In  writing  on 
denudation  In  the  Pa<'tfic,  he  took  the  ground  that  the  ocean  is  power- 
ift-w  to  ex(«vate  valleys  along  the  coast,  and  that  the  deep  valleys 
like  those  of  Tahiti  are  dtie  to  subuerial  <leconipoMitioii  and  erosion, 
»n  olMer\'ation  no  geologist  of  to-day  would  \-cntin'e  to  doubt. 

In  March,  1853,  hy  resolution  of  the  senate  of  the  State  of  C'alifor- 
nia,  Dr.  John  B.  Trask  was  called  upon  to  funinh  information  in 
relation  to  the  geology  of  the  State.     As  a  result  Doctor  Tnisk  siili- 

mitted  material  is,sned  in  a  pRiiiphlet  of  3U  pages,  pnb- 
g^jytyet  lished  by  the  assembly  in  the  se.ssion  of  lHr>ii.     By  a 

joint  resolution  which  [>assed  the  senate  nnd*assi-nibly 
on  May  (>,  1853,  Trask  was  authorized  to  make  a  further  exaiiii  nation 
"f  some  parts  of  the  Sierra  Nevada  and  Coast  Kange  mountains.  .\s 
» result  of  this  and  sul>se<|Hent  acts  there  were  issued  rei»<»rts  on  the 
ireology  of  the  region  mentioned  in  18.1-1,  1(S55,  and  1856. 


4Hti 
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Tilt'  claNsitii-ittion  adoptod  l>y  Trask  was  tlmt  of  tlie  older  jjt-oloy^i-ti 
of  Ills  tiim*,  thf  i-tH'ks  Ix'ing  divided  ineit'lr  into  Pniiiarv,  Si'L-ondaij. 
and  TiTtiHiT.  AUIioukI"  fossils  were  found,  lie  did  not  attempt  to 
descriho  thi-tii,  and  sei'iiind  in  most  cases  to  fail  to  realize  their  value 
as  indieiitivc  of  any  particular  jreological  hori/x>ii.  His  ideas  reward- 
iny  iwtanior{)liisiii  were  Momewhat  crude.  Thus,  he  i«tatod  in  his  tirst 
re|M»rt: 

It  i^  u  well-kill iw[i  flirt  tlmt  iiitniKivf  iliki'H  nf  Irap  in  jumiiiig  tlirougli  tiiii<t-tnne 
will  I'liaiiici'  till'  i-ali-an-niis  fiiri nation  to  true  talcose  nK'ki<. 

He  divided  the  .State  into  three  divirtions:  First,  a  primary  or  cen- 
tral district,  included  In'twenii  latitude  3n-  Sn' and  4U'-  north;  s.-crtud 
the  northern  <listri<-t.  includeil  iH'tweeii  40-  and  4l>-  north:  and  third. 
the  southern  district,  included  lietween  3S  30'  and  3ti-'  north.  The 
ro<'ks  of  thi!  primary  district,  he  stated,  are 
for  the  most  jmrt  primitive,  being  composed 
of  granite,  jwirphyry,  trap,  and  other  allied 
rocks,  of  which  soriKMitines  form  the  one 
im]»>rtHnt  part.  The  sedimcntarj-  rocks  of 
the  di.ttrict  were  divided  into  first,  aigelite 
(«/(')  slates;  second,  conglomerates;  and 
third,  ,-flindstonos,  the  last  named  l>eiiig  re- 
garded as  prolmbly  of  Miocene  age. 

'I'hc  rorks  in  the  northern  district  kvv 
dcscril>.'(l  as 


Mor<litr. 
■n  di^tri. 


in  additi< 

;ir.':i  heh 

a-t  thtv. 

f  tlie  conlinenl. 

described  the  <:voh,<i 

>(  Hiitt.-,  .Sicnii,  Yiib 

■  f  Siin  Frmici 

of  Sun   1,1 


ntially  the  same  cliiinic- 

fences  oidy  lieing  iinli'd. 

■t  coiiiained  many  nub 

other  Iwo,  aithoiijrh 

1  many  biisaltic  uivas. 

i-en  the  American  :ui*i 

ee  successive  (K'riixls  <>i 

•ay  of  the  most  elevutiJ 
ibii,  \eva(]a,  and  Placci': 
li-ico,  ."santa  Clara,  Santa 
s  Obispo.  Tulare,  Mari- 
1  Sun  .loaijutn.  Duriiij; 
■d  Nevada  and  Calaveiu- 
[Hist-l'lioc-ne  fossils  ill 
ris  lielween  Point  Pinos 
ijirv  rocks  as  below: 
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IVriod.  I  (iron  p. 


Where  found. 


\iH.vne I  Middli' I  Calaveras  County,  at  -M iir ph ys  and  other 

I      localitien.     Bones  of  extinct  animals, 

■  I      etc. 

I 

Miocene North  and  south  of  San  Francisco  in  the 

Coast  and  Monte  Diablo  mountains. 
Consisting  of  marine  shells,  with  most 
of  the  species  extinct. 

Coast    mountains    and    Gabilan    Spur. 
Also  in  cavern  deposits  in  Calaveras 
j      County. 

Poet-Pliocene Southwest  of  Monterey.     Marine  shells, 

all  of  existing  species. 


Pliocene Lower. 


He  had  no  hesitation  in  saying  that  no  coal  would  be  found  in  any 
part  of  the  Coast  Range  south  of  the  thirty -fifth  parallel  of  north 
latitude,  though  the  presence  of  a  supposed  Carboniferous  limestone 
in  Shasta  County  led  him  to  express  a  hope  that  the  desired  material 
might  yet  be  found  within  the  limits  of  the  State."  In  his  report  for 
1855  the  predominating  fossiliferous  rocks  of  San  Luis  Obispo  and 
Santa  Barbara  counties  were  considered  to  be  of  Miocene  age.  The 
San  Bernardino  Mountains  were  described  as  made  up  for  the  most 
part  of  primitive  rocks,  granite  forming  by  far  the  larger  part  of 
their  highest  ridges  and  peaks. 

In  this  connection  it  is  well  to  note  that,  at  the  request  of  A.  D. 
Baehe,  of  the  Coast  Survey,  W.  P.  Blake  prepared  in  1855  a  brief 
paper  on  the  physical  geology  and  geography  of  the  coast  of  .Cali- 
fornia from  Bodega  Bay  to  San  Diego.     Blake  regarded  the  sedi- 
mentary rocks  of  Punta  de  los  Reyes  as  probably  of  Miocene  age,  the 
sandstone  at  the  entrance  of  San  Francisco  Ba}^  as  Tertiary,  and  the 
metamorphic  rock  of  the  peninsula  as  an  altered  sandstone.     The  ser- 
pentine of  Lime  Point  was  shown  to  be  eruptive,  as  was  also  the 
granite  of  Cypress  Point  and  the  Bay  of  San  Carlos,  ifhd  younger 
than  the  conglomerate. 

This  same  year  (1858)  there  was  organized  a  geological  survey  of  Mis- 
«ouri  with  G.  C.  Swallow  at  its  head,  and  Dr.  A.  Litton,  F.  B.  Meek, 
Haj.  F.  Hawn,  and  Dr.  B.  F.  Shumard  as  assistants.     Five  reports 

were  published.     The  first,  bearine:  the  date  Novem- 

•wallow**  Qcolofflad  ^  i 

nrvcy  of  MiMoari,    bcr  10, 1853,  Consisted  of  but  four  pages.    The  second, 

dated  1854,  comprised  over  400  pages,  including  the 
eports  of  the  assistants  above  mentioned.  None  of  the  sections  nor 
naps  given  were  folored,  nor  were  any  new  principles  or  striking 

"  These  hopes  were  partially  realized,  lignite  coal,  but  of  Cretaceous  age,  having 
»een  foand  and  to  some  extent  worked  in  Alameda,  Amador,  (^ontra  Costa,  Fresno, 
Cem,  Monterey,  Orange,  Riverside,  and  San  Bernardino  counties. 
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featan>ti  brought  oat.  The  work  as  a  whole  is  an  extremely  ni 
eating  array  of  details,  essential  to  the  geographical  extension  c 
logical  knowledge.  Some  space  was  devoted  to  eoonomic  geol 
considemtion  of  soils,  et«.  Doctor  Litton^s  report  i^nsisted  i 
wholly  of  detailtf  of  lead,  copper,  and  iron  mines.  Perhaps  tht 
important  economic  item  in  Meek's  report  was  his  calling  att 
to  the  limited  area  of  the  coal  beds,  which  lie  in  narrow  basins 
encrinal  limestone. 

The  third  annual  report  of  progress  (6  p^ifes)  appeared  in 
the  fourth  (14  pages)  in  1S59,  and  the  fifth  (19  pages)  in  1861. 
Broadhead,  who  later  was  himself  State  geologist,  became  anssi 
during  1857-1861,  .1.  G.  Norwood  in  1858-1861,  Henry  Engelm 
1857,  and  Dr.  John  Locke  in  1860. 

During  the  period  which  intervened  between  the  publication  < 
second  report  and  the  stopping  of  the  survey  in  1861,  a  large  p 
of  the  State  had  been  visited  by  meml 
the  corpK,  and  full  reports  were  writ 
the  following  counties:  Cape  (jira 
Periy,  St.  Genevieve,  Jeffenwn,  Crai 
Phelpti,  Pulaski,  Laclede,  Wright, 
(including  Douglas),  Clark,  Morgan,  ^ 
Saline,  Chariton,  Macon,  Randolph,  S 
Osage,  and  Maries. 

After  the  survey  bad  been  discori 
the  leginlaturc  authorized  L.  I).  Mor 
(i.  C  Swallow  to  publish  all  the  pm' 
the' work  of  the  previous  seven  yetit 

the  project  was  aliandoned  on  accoi 

„.   „...„..d^rrB™dhci.     the  expense. 

While  nearly  all  the  State  and  land 
surveys  firgaiiized  up  to  1S50  had  economic  ends  in  view,  and 
further,  iiufiierons  pajx'rs  of  a  iiioi'e  or  less  economic  rhamcti 
ai)i)eai-ed  from  thu.  hands  of  various  writei-s  from  time  to  tirr 
J.  o.  whiiocv-*  literature  relating  to  American  ore  deposits  rei! 
thfulLn^suuaJ  sfsiut  and  of  an  extremely  unsatisfactory  chai 
'*■*■  The   appearance    in   1854    of    Whitney's    M 

Wealth  of  the  United  States  marked,  therefore,  an  important  t 
The  work  comprised  upward  of  500  octavo  pages,  and  thougl 
ten  with  especial  reference  to  the  ore  dep<isits  of  the  United  J 
contained  references  to  those  of  all  the  principal  foreign  local! 
well  and  remained  the  standard  work  of  reference  up  to  the  t 
the  appeanuice  of  Kemp's  Ore  Deposits  of  the  ITnited  States  in 
Many  of  the  principles  set  down  by  Whitney  have,  naturally 
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fehown  to  be  erroneous,  as  he  himself  lived  to    recognize.      Thus, 
regarding  the  occurrence  of  gold,  he  wrote: 

Id  general  it  may  be  said  that  the  older  the  geolovfical  fornmtimi  the  jrreater  the 
pn>hability  of  its  containing  valuable  oren  and  iiietaln. 

And  further: 

There  is  room  for  doubt  whether  the  great  gold  deposit**  of  the  world  did  not 
originate  exclusively  in  the  Pkleozoic  ntrata,  since  we  are  not  aware  that  the  rocks 
which  have  been  proved  to  be  of  Azoic  age  have  been  found  to  l>e  auriferous. 

In  this,  it  will  be  noted,  he  followed  the  teaching  of  Murchison. 

To  the  reader  of  to-day  it  will  seem  scarcely  possible  that,  at  the 
date  of  Whitney's  writing,  there  were  no  mines  worked  for  silver 
aloDe  in  the  United  States,  the  supply  of  the  metal  coming  almost 
wholly  from  the  native  gold  of  California.  Argentiferous  galena  had 
been  worked  to  a  slight  extent,  as  at  the  Washington  mine  in  David- 
son County,  North  Carolina,  but  work  was  suspended  at  the  time 
of  his  writing.  How  little  the  silver  resources  of  the  West  were 
realized  is  shown  by  WTiitney's  conmient  on  the  rapid  increase  of  the 
gold  output  from  year  to  year  and  the  com^mrative  decrease  in  that  of 
silver.     He  wrote: 

Silver  ia,  in  a  geological  ]x>int  of  view,  the  metal  lK*st  adapted  for  a  ii>tandard  of 
value,  since,  po»iesaing  all  the  valuable  qualitiew  which  make  gold  s*uitable  for  tliat 
purpose,  it  is  not  liahle  to  those  fluctuations  in  its  production  to  wliich  this  latter  is 
exposed.  There  is  no  discovery  of  a  new  continent  to  be  looked  forward  to  whose 
mines  shall  deluge  the  world  with  silver,  and  any  increase  in  the  amount  of  this 
metal  produce<l  must  come  chiefly  from  the  working  of  mining  regions  alrea<ly 
known. 

Yet  Whitney  himself  lived  to  see  the  annual  output  of  American 
silver  become  so  great  as  to  practically  remove  it  from  the  list  of 
precious  metals  and  cause  it  to  be  rejected  for  all  but  subsidiary  coinage. 
Whitney  recognized  the  fact  that  none  of  the  deposits  of  lead  in  the 
Mississippi  Valley  could  be  considered  as  coming  under  the  head  of 
true  veins  (i.  e.,  fissure  veins),  and  that  the  productive  deposits  did 
not  generally  exceed  a  hundred  ^t  in  thickness  in  the  Galeiui  (Lower 
Silurian)  limestone  immediately  overlying  the  Trenton.     No  ore  of 
consecjuence  was  known  to  oceur  in  the  so-called  '"Blue  Limestone-' 
(Trenton,  BirdVeye,  Chazy,  and  Black  River)  and  it  was  not  consid- 
ered probable  that  the  fissures  would  ever  be  found  to  extend  through 
the  intervening  sandstone  into  the  Lower  Magnesian  beds.     Sinking 
through  the  sand  into  these  latter  beds  was,  therefore,  considered  as 
mere  random  exploration  and  a  foolish  enterprise. 

He  classified  the  ore  deposits  as  (1)  simple  aUuvial  deposits  which 
were  recognized  as  residual  from  the  decomposing  limestone;  (2) 
deposits  in  vertical  fissures  which  had  a  very  limited  longitudinal 
extent,  and  (8)  deposits  in  fiat  sheets.     All  of  these  were  regarded  as 
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depo8it8  from  aqueous  Holution  which  took  place  either  in  depreMsioiui 
of  the  surface  or  in  vertical  fissures  of  the  nature  of  gash  veins  pro- 
duced b}'  the  shrinkage  of  the  calcareous  strata. <* 

These  views  differed  from  the  more-modern  in  that  it  is  now  deemed 
as  probable  that  the  ores  were  first  precipitated  in  an  ocean  in  which 
they  were  held  in  solution  as  sulphates  and  reduced  to  sulphides 
through  the  decomposing  organic  matter;  that  subsequently,  through 
the  action  of  percolating  surface  waters,  the  same  were  once  more 
oxidized,  segregated  in  the  fissures,  and  reduced  a  second  time  to  the 
condition  of  sulphides.    The  production  of  the  mines  in  the  Misde- 
sippi  Valley  he  regarded  as  having  even  then  reached  its  maximum. 
'    Whitney  recognized  the  eruptive  nature  of  the  Iron  Mountiin 
masses  of  Missouri,  and  apparently  regarded  the  hematite  ores  of  the 
Lake  Superior  i*egion  as  also  of  an  eruptive  nature  (see  also  p.  41T), 
though  the  later  work  of  Van  Hise  has  shown  them  to  have  had  & 
chemical  origin.     Concerning  the  specular  and  magnetic  iron  ores  of 
New  York,  he  thought  to  have  found  the  evidence  of  direct  eruptive 
origin  as  perhaps  less  conspicuous,  many  exhibiting  appearances  of 
secondary  action,  such  as  might  have  been  brought  about  by  volcanic 
agencies  and  powerful  currents  which  swept  away  and  abraded  por- 
tions of  the  original  eruptive  masses,  ^'  rearranging  their  particles  and 
depositing  them  again  in  the  depressions  of  the  strata."    The  lenticu* 
lar  l>ed8  of  ore  occurring  parallel  with  the  stratification  were  particu- 
larly referred  to  as  originating  in  this  way. 

A  year  later  (November,  1855)  Whitney  had  in  the  American  Jour- 
nal of  Science  an  article  on  the  changes  which  take  place  in  the  struc- 
ture and  composition  of  mineral  veins,  which  is  of  interest  in  connec- 
tion with  the  recent  revival  of  the  subject  of  secondary  enrichment  of 
ore  deposits.  He  here  described  the  now  well-known  copper  deposit^ 
of  Ducktown,  Tennessee,  and  the  superficial  altemtion  of  the  vein 
matter,  and  called  attention  to  the  fact  that  the  black  ore,  then  bein^^ 
mined,  was  fomied  by  a  process  of  natural  concentration  by  surface 
water,  which  was  constanth'  decomp)sing  the  material  above  the  per- 
manent water  level  and  carryincr  it  downward  to  the  point  where  it 
was  stopped  by  the  solid  portion  of  the  vein.  By  this  means  a  large 
portion  of  the  copper  once  disseminated  throughout  perhaps  100  feet 
of  vein  stone  bad  become  concentrated  into  a  thickness  of  perhaps  2 
or  3  feet. 

In  June,  1854,  Lewis  Haq^er,  or  properly,  Ludwig  Hafner,  wa.«^ 
elected  by  the  trustees  to  the  chair  of  geology  in  the  University  of 

«Dr.  Henry  King,  in  a  nkeU'h  of  the  geology  of  the  Missishiippi  Valley,  read  befort 
the  Association  of  American  GtK)logiHt«  and  Naturalists  in  1844,  and  printed  in  the 
American  Journal  of  Sciem^e  for  that  year,  argued  that  tlie  ores  of  zinc,  copper,  an<i 
lead  occurring  in  the  Cliff  limestone  were  deposited  contemporaneously  with  tin 
inclosing  rock. 
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I  Missi}*.si|>pi,  which  act,  under  the  law,  constituted  hiui  also  as  State 
t  nieologist,  and   Millington,  whose  work  is  mentioned  on  p.  43o,  was 

forced  to  resi^jfu. 
i^Mppi,  In   LS55  Harper  was  relieved  of  a  |)ortion  of  his 

duties  as  instructor  in  the  university  in  order  that  he 
might  personally  take  the  lield,  and  an  appropriation  of  $1,000  secured 
for  the  employment  of  an  assistant  j^eologist,  which  place  was  offered 
to  Eugene  W.  Hilgard,  then  fresh  from  studies  at  Heidelberg.  Hilgard 
and  Harper  worked  together  during  the  season  of  1855,  }>ut  the  dual 
position  of  State  geologist  and  professor  in  the  university  proved  un- 
satisfactoiy  to  the  trustees;  the  law  was  repealed  in  1856,  and  Harper 
also  forced  to  resign,  though  Hilgard  was  continued  as  an  assistant. 

At  the  legislative  session  of  1856-57  Harper  succeeded  in  securing 
the  passage  of  an  act  providing  for  the  printing  of  the  second  annual 
report  of  the  agricultural  and  geological  survey  of  the  fc>tate  and  for 
other  purposes.  This  resulted  in  a  complete  separation  of  the  survey 
from  all  connection  with  the  State  university,  the  establishment  of  a 
geological  survey,  and  the  office  of  a  State  geologist  at  a  salary  of 
$2,000  a  ye^r,  with  an  appropriation  of  $1,:^()0  for  fitting  up  a  chem- 
ical laboratory.  Three  thousand  five  hundred  dollars  was  appropriated 
for  the  publication  of  Harper's  report.  Concerning  this  report,  Hil- 
^rd  remarks: 

It  need  only  be  said  that  it  is  a  literary,  linguistic,  and  scientific  curiosity,  and 
probably  unique  in  official  publications  of  its  kind.  It  was  the  laboreil  effort  (jf  a 
sciolist  to  show  erudition,  and  to  compass  the  ini])088il)le  feat  of  interpreting  and  dis- 
^'osHing  intelligently  a  considerable  mass  of  observations,  mostly  recorded  by  another, 
working  on  a  totally  different  plan  from  himself. 

The  report  contained  a  colored  geological  map  of  the  St^ito  which, 
though  less  detailed,  corresponded  in  a  geneml  way  with  that  pub- 
lished later  (1860)  by  Hilgard.  Indeed,  there  is  every  reason  for  sup- 
posing that  the  map  itself  was  compiled  largely  from  Hilgard's  notes. 
The  work,  like  its  predecessor,  had  little  influence  upon  geological 
thought,  and  was,  if  not  ignored,  unfavorably'  reviewed  by  the  journals 
of  the  day.  The  circulation  of  this  report  throughout  the  Stite 
brought  discredit  upon  its  author  to  such  an  extent  that,  toward  the 
end  of  the  year  (1857),  he  w^as  obliged  to  resign  his  oflice.'' 

'^This  Geological  Report  on  Mississippi  is  very  unequal  in  its  different  parts  and 
r^iuires  a  careful  revision  l^fore  it  can  become  gocjd  authority.  Many  of  the  sections 
have  a  fantastic  boxing  off  of  layers  which  is  ijuite  unintelligible  to  us.  Certain 
roc^ka  are  pronounced  to  be  Carboniferous,  beciause  the  genus  produrtus  occurring  in 
them  is  not  known  to  exist,  the  author  says,  in  older  strata.  Some  i)eculiar  concen- 
tric aggregations  in  clay  are  attributed  to  whirlpools  in  the  waters.  The  work  argues 
a^inst  the  subdivisions  of  the  Eocene  proposed  by  Conrad  on  very  insutticient  <lata 
ami  an  evident  want' of  appreciation  of  the  subject.  There  are  errors,  also,  in  the 
identification  of  the  Cretaceous,  Tertiary,  and  post-Tertiary  IhhIs  which  Ix'tray  insuf- 
^eient  observations  and  an  imperfect  a<!quaintance  with  the  science.    (Am.  Jour.  Sri. ) 
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Under  an  act  of  the  Wisconsin  legislature,  approved  March  25, 185J 
Kdward  Daniels  was  appointed  State  geologist,  bat  at  the  end  of  tb 
year  was  superseded  by  Dr.  J.  G.  Percival,  whose  work  in  CJonnectico 

has  been  already  referred  to  (p.  329).  Daniels's  fin 
wSeonSoTiSiM?      ^^^  ^^^J  annual  report,  bearing  date  of  1854,  oon 

sisted  of  a  small  octavo  pamphlet  of  82  pages,  devotee 
largely  to  a  consideration  of  the  lead  fields.  One  geological  sectioi 
in  black  and  white  was  given,  extending  across  the  lead  mines  froD 
the  Mississippi  River  opposite  Dubuque  to  the  Blue  Mounds.  Hm 
rocks  were  classified,  beginning  with  the  uppermost,  as  (1)  conilliiM 
beds,  (2)  gray  limestone,  (3)  blue  limestone,  (4)  buff  limestone,  (5 
sandstone,  (6)  lower  magnesian  limestone,  and  (7)  the  sandstone  of  Uv 
Wisconsin  River.  A  vertical  section  was  al^  given  showing  the  sue 
cession  and  relative  thickness  of  the  rocks  underlying  the  lead  r^ons 
In  this  last  the  gray  limestone  was  given  as  the  prevailing  ^'surfao 
rock  of  the  mines,  containing  veins  of  lead,  and,  in  its  lower  beds 
zinc  and  copper. '' 

Daniels  found  evidence,  as  he  thought,  to  strengthen  the  conjectur 
of  Owen  to  the  effect  that  the  Lower  Magnesian  limestone  would  b 
found  to  contain  lead  ore  in  workable  quantities. 

Aside  from  the  above-noted  publication,  Daniels  was  the  author  o 
an  article  on  the  Iron  Ores  of  Wisconsin,  in  the  report  of  the  geoloj 
ical  survey  of  Wisconsin  for  1857  (62  pages),  and  a  brief  note  regarc 
ing  the  lead  district  of  Wisconsin,  which  appeared  in  tlie  Proceeding 
of  the  Boston  Society  of  Natural  History  in  1854. 

According  to  Hall,  Daniels  in  1855  first  pointed  out  the  unconforniit 
of  the  western  coal  measures  with  the  older  rocks,  though  J.  W.  Fo; 
ter  in  1856  published  a  section  showing  a  similar  unconformity,  tl 
discovery  of  which  he  credited  to  Norwood. 

Doctor  Percival,  who  succeeded  Daniels,  received  his  appointment  i 
August,  1854,  and  served  until  the  time  of  his  death,  which  occurrc 
on  May  2,  1856.     Two  reports,  in  the  form  of  octavo  pamphlets  ( 

about  100  pajjfes  each,  were  issued  as  the  result  of  h 

Percival's  OeolofflaU  ,  x  .1        i  •  .  1     .      r>i  1 

Survey  of  wiKonsiti,  work.     LiKC  his  prcvious  woFK  in  Connecticut,  the> 

reports  are  extremely  prosy  and  made  up  largely  c 
very  minute  descriptions  of  the  lithological  nature  of  the  various  roi^ 
formations  of  the  State,  their  geographic  distribution  and  relative  pos 
tion.  Fossils  were  mentioned  only  occasionally,  and,  otherwise  tha 
his  reference  to  them  as  primary  and  secondary  rocks,  there  is  no  su^ 
gestion  as  to  their  probable  geological  age,  with  the  exception  of  tl 
reference  in  the  second  report  to  the  fact  that  the  so-called  '^Mouri 
limestone"  had  been  regarded  from  its  fossils  as  equivalent  to  tl 
Niagara  limestone.  The  character  of  the  ore  dejx>sits,  and  the  pos 
tion,  number,  and  character  of  the  veins  were  noted  with  great  detai 
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i   ami  in  a  single  instance  he  indulged  in  a  little  speculation  regarding 
the  origin  of  the  ore: 

The  api)earan(.T8  seeni  no  1(^«h  to  indirjite  the  origin  of  the  iiiiiKtral  and  the  accom- 
]«inyuig  oren  from  beneath,  }>robably  from  the  primary  rocks  unclerlyinjr  the  lowest 
BM^Ddary;  and  that  they  rose  in  Hiich  a  condition  ttiat  they  were  diffused  through 
a  certain  definite  extent  of  the  materials  of  the  rocks,  and  then  s€^regate<l  m  their 
prwent  form,  and  thinalon^  certain  lines  which  have  determined  their  arrangement. 

April  8,  1854,  D.  D.  Owen  was  appointed  State  geologist  of  Ken- 
tucky, a  position  which  he  continued  to  till  until  the  time  of  his  death 
in  ls60.     During  this  time  there  were  issued  four  large  octavo  reports, 

comprising,  all  told,  upward  of  2,000  pages,  with 
svvcy  of  Kentucky,  sectious,   nia{)s,   and    plates  of    fossils.     Owen   was 

assisted  at  first  by  Dr.  Robert  Peter,  chemist,  and 
Sidney  T.  Lyon,  topographer;  later,  Leo  Lesquereux,  paleobotanist, 
E.  T.  Cox,  geologist,  and  Joseph  Lesle\',  topogmpher,  wen*  added  to 
the  force. 

Owen  divided  the  formations  of  the  State  as  follows,  beginning 
with  the  uppermost:  (1)  Superficial  deposits,  (2)  the  Coal  Measures, 
(3)  sub-Carboniferous  limestone,  (4)  Black  lingula  shales,  (5)  Gray 
coraHne  falls  limestone,  (6)  the  Chain  coral  and  Upper  Cliff  limestone, 
and(T)  the  Blue,  Shell,  and  Bird's-eye  limestone,  the  last  named  being 
the  most  ancient  of  any  y(»t  found  within  the  State  limits. 

As  with  a  majority  of  Owen's  works,  these  reports  are  given  up 
largely  to  economic  matters,  to  descriptions  of  the  coal,  iron  ores, 
Iniilding  stones,  and  other  useful  minerals. 

A  local  epidemic  of  milk  sickness  in  cattle  was  examined  into  in 

considerable  detail   b}'^  Owen,   who  concluded   that   the   disease  was 

'intimately  connected  with  the  geological  formation,"  and  probably 

due  to  the  presence  of  soluble  salt^^  of  aluiuinum,  iron,  and  magnesia, 

produced  in  the  shales  by  the  decomposition  of  iron  pyrites.     He 

showed  an  amusing  tendency  to  magnify  the  importance  of  minor 

matters  in  suggesting  that  the  animals  at  pasture  may  have  become 

weakened  and  peculiarly  susceptible  to  disea.se  through  breathing, 

while  feeding  with  the  nostrils  close  to  the  ground,  an  atmosphere 

deficient  in  oxygen,  the  abstraction  of  this  element  being  due  to  the 

oxidation  of  the  pj' rite  in  the  surface  rock. 

Concerning  the  roe  or  oolitic  structure  of  the  sub-Carboniferous 
limestone,  he  wrote,  the  structure  '*  seems  to  have  been  fornicd  in 
eddies  where  the  water  circled  round  in  spiral  or  funnel-shaped  cur- 
rents which  kept  particles  of  fine  sand  revolving  in  such  a  manner 
that  they  acquired  concentric  calcareous  coatings,  until,  having  attained 
the  .size  of  fish  roe,  their  gravity  was  sufficient  to  overcome  the  power 
of  suspension  of  the  rotary  currents,  when  they  sunk  to  the  bottom." 
In  consideration  of  the  fact  that  this  oolitic  structure  is  now  known 
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Ui  proviiil  ovrr  iimny  liiiiKlrcd  sqiuirc  iiiilcH  of  iiix.-it,  tliit^  cxplnnHtion 
seems  sciirifly  siiffiuicnt. 

Peter's  work  on  the  eht^niietil  eouipo^ition  of  tha  .soil  was  verv 
thorough,  and.  luken  iill  in  all.  the  work  done  by  this  survey  on  prob- 
lems relating  to  the  soil  wits  of  greater  iniportaiice  than  any  prex'iously 
produeed.  The  method  followed  by  Doctor  Peter  himself  haw,  how- 
ever, been  proven  by  recent  work  to  !«  of  comparatively  little  value, 
the  fertility  of  a  soil,  as  announced  years  earlier  by  Emmons,  being 
dependent  more  upon  its  physical  than  ehemic«l  properties. 

In  1855  O.  CJ.  Shiimard  accompanied,  in  the  capacity  of  geologist. 
the  expedition  under  command  of  Captain  Pope  for  the  purpose  of 
l>oring  artesitm  wells  upon  the  western  plains  along  the  line  of  the 
a.  Q.  shnraani-a  thirty -second  parallel.  An  abstract  of  his  report  was 
wi?h''iwi""*"'°"  given  in  the  Transactions  of  the  St.  Louis  Academy  of 
BipcditlbD.  18SS.  Sciences,  I,  1856-lSt!(>.  though,  so  far  as  can  Ire  ascer- 
tained, no  tinal  import  ever  appeared. 
Shumard  announced  the  finding  of  Permian  fossils  about  ^10  miles 

' alKjve  the  mouth  of  IJelaware  Creek,  in  tht 

country  lyinjf  between  the  Kio  Pecos  an<L 
^^^^^^  the  Rio  Grande.     At  Delaware  Creek  th<^^ 

^^^^^^^K  oldest  rocks  were  Cretaceous,  overlaid  ity 

^^g^  \  Quaternary.    The  Guadalupe  Mountains  he— 

^^V    j^y  ^A  described  as  consisting  of  white,  gmy.  \kwM- 

^P^  ^j  bkii si  1- black   limestone,  containing  fo.ssils_ 

^Cfc.       .J^d  some  of  which  appeared  to  belong  to  tln^ 

^Hhv^H  Ciial   Measures  and  others  to  the  Permian. 

^^^^^^^k^^L^       the  beds  beingfinaily  setdownasof  Perniiat* 
^^^^^^^H^B^^H  Sierni  .\ltu  tu 

^     ^H  llie  stnititied- 

^P^^^l^^^^^  ^^1     I'ocks  dip  away  on  side. 

i.-i,.,:,7,_ihi„rM.>iitKi.ui.T;  i.uur  SiUivian  rocks  weiv  fouiul  in  the  Kl  Paso 

Mountains,  and  thi-.loniadadel  Muertowa^ 
shown  to  be  :i  small  trough  composed  mostly  iif  liuiestiine.  sandstone, 
and  shales,  covered  to  a  deptli  of  o  or  C.  feet  witli  loose  detritn-. 
The  upheaved  edges  of  these  underlying  strata  formed  the  mountains 
on  eitiicr  side.  The  ( )rgan  MoiiutJiins  were  shown  to  be  of  limestone, 
beliiiiging  (o  the  Coal  .Measures. 

By  lui  act  of  the  legislaliirc  of  the  .^tate  of  Simth  Carolina  in  l,s.'..^ 
Oscar  M.  Licber  was  ap)iointed  director  of  the  geological,  mlneral- 
ogi.'al.  and  agricultural  survey  of  the  State,  a  po.^itiou  which  he  held 
nptoDSfiU.  During  this  period  he  made  four  annual 
Sduth".ro?in«."  re|Kirts,  the  tii'st  iK'ariugdate  of  IS;'."  and  the  last  istin. 
This,  it  will  be  lemeinbered,  was  the  third  survey  of 
the  .State  undci'takeu  at  public  expense,  the  first  being  purely  agricul- 
tiii'al,  luider  till'  direction  of  Edinimd  RuHin,  and  the  second  geological 
Hill)  :ij:ru-u\X\\v:\\,  under  direction  of  M.  Tn<)niey. 


AMERICAN   GEOLOGY DECADE    OF   1850-1859.  445 

• 

In  the  I'epoils  of  Lieber  matters  of  l)oth  theoreti*'  and  economic 
nature  received  attention,  though  an  undue  amount  of  space  wrn*  per- 
haps devoted  to  a  discusnion  of  the  itacolumite,  which  he  considered 
to  be  a  true  sandstone.     He  differed  in  this  respect  with  Mr.  Tuome y. 
Its  flexibility  he  regarded  as  not  due  to  decomposition,  but  rather  to 
its  fineness  of  grain  and  admixture  of  mica  or  talc,  delicately  laminated 
structure,  and  a  certain  degree  of  compactness  in  the  constituents  of 
each  lamina.     In  this  he  was  mistaken.     He  discussed  the  origin  of  the 
rock,  and  compared  it  with  the  itacolumite  of  Brazil  in  its  relation  to 
the  diamond. 

A  peculiar  tendency  on  the  part  of  Lieber  to  use  outlandish  terms, 
particularly  Brazilian  Portuguese,  is  manifested  in  this  report.  Thus, 
in  his  paper  on  the  itacolumite  and  its  associated  rocks,  he  mentions 
finding  the  ^^tapanlwancanga^  ovcanga^  which  sometimes  passed  into  a 
reddish  quader-sandstone."  He  also  wrote  of  the  'U>rycto(/uof<fic'^'* 
composition  of  the  rock,  and  designated  a  prospector  as  a  *'''('osffa7ier,'^^ 
He  classified  the  igneous  rocks  of  the  State,  conmienciug  with  the 
newest,  as: 

{Eurite  and  quartz  i>orphyry  (?). 
Coarse  trachyte  of  eastern  I^ncaster. 
Domite,  phonolith. 
Trappean  rocks:  Diorite  and  Diorite  slate,  soapstone  (?),  Talcose  trai>  (?). 
Melaphyre,  Egeran  (?). 
Aphanitic  porphyry. 


GraniteH: 


I  Coarse-grained  granite,  etc.,  of  Taxaiiaw  (syenite) 


Other  granite  and  gneiss. 
(The  marks  of  interrogation  with  some  of  tliese  denote  that  their  exact  relative 
P<*ition  is  not  established. ) 

Lieber's  views  regarding  mineral  v-eins  and  ore  deposits  were  largely 
influenced  by  those  of  European  authorities,  but,  nevertheless,  he 
entertained  certain  independent  ideas  which  at  this  date  are  instruct- 
ive.    He  believed  with  Werner  that  the  veins  were  tilled  crevices,  but 
thought  them  to  have  been  tilled  from  below  rather  than  from  above; 
that  is,   the  minerals  constituting  the  veins  he  regarded  as  having 
been  derived  from  the  interior  of  the  planet  and  l)rought  to  the  sur- 
face by  mineral  waters  or  steam,  where  they  were  deposited  chief!}' 
in  the  crevices  themselves,  the  surplus  only^  distributing  itself  among 
the  surface  waters,  whence  it  was  afterward  precipitated. 

He  argued  against  the  idea  that  the  veins  had  been  tilled  by  the 
leaching  action  of  water  i)ermeating  the  rocks  on  either  side,  saying: 

Entirely  the  reverse  is,  however,  the  case.  Thus,  miiK^rals  which  belonj;  to  tlie 
veins  hut  which  are  found  in  the  countrv  were  in  realitv  derived  from  the  former; 
the  vein  crevices  were  the  first  reservoirs,  and  the  few  scattering  particles  nf  the  niin- 
♦•rals  of  the  veins  which  we  find  in  the  adjacent  c<>untry  rorks  found  their  way  into 
the  latter  by  elimination  or  8e<;retion  and  by  sublimation  from  the  san'harge<l  vein 
crevicec 
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Concerning  the  variation  in  vein  structure  and  the  changes  of  the 
contents  of  veins  at  various  depths,  he  wrote: 

« 

Except  in  those  few  caries  where  the  enrichment  of  a  vein  is  due  to  extraneotu  or 
superficial  causes,  we  may  safely  say  that  veins  gain  in  the  quantity  of  their  metal- 
liferous contents  as  we  leave  the  surface;  that  is  to  say,  the  lodes  increase  in  diameter 
and  in  the  compactness  of  their  ores. 

Thus  do  we  find  one  who  was  the  best  authority  in  the  State  promul- 
gating a  theor\'  wholly  erroneous  and  misleading. 

The  question  of  the  origin  of  gold  received  consideration,  and  the 
opinion  was  ex])ressed  that  ""the  gold  in  some  igneous  rocks  withm 
and  elsewhere  may  have  been  l)rought  up  with  the  fluid  masses  from 
beneath,  but  it  may  also  have  been  imparted  by  the  solution  of 
auriferous  sedimentary  roi'ks  traversed  at  the  period  of  injection." 
While  noting  that  dikes  exerted  a  conspicuous  influence  on  the  dis- 
cernible presence  of  gold,  he  believed  that  these  did  not  impart  the 
metal,  or  if  they  did,  only  in  exceptional  cases,  and  that  as  a  rule  cer- 
tain sedimentary  rocks  must  be  regarded  as  the  true  source  of  the  gold 
into  which  it  was  infused  at  the  time  of  their  de])Osition,  though  by  what 
means  or  from  what  source  he  f(mnd  it  impossible  even  to  guess. 

Ekch  of  the  reports  was  accompanied  by  two  or  more  colored  geog- 
nostic  maps,  in  which  the  various  formations  were  grouped  according 
to  their  lithological  nature  nither  than  according  to  their  geological  age. 

In  1855  there  appeared  Dawson's  Acadian  (leology.  a  small  octavo 
volume  of  })ut  88S  pages,  but  which,  through  successive  editions,  grew, 
by  1878,  to  nearly  800  pages.     This  in  all  its  editions  was  by  far  the 

most  important  i)roduction  of  this  niost  prolitic  writer.'' 
Qeoio«y,*i855^*'"       ^ '^^'  edition  of    1S55   contained   a    colored    geological 

maj)  of  the  region  and  purported  to  give  in  a  con- 
densed form  what  was  known  of  the  more  geneml  features  of  the 
peninsula.  A  discussion  of  the  views  held,  and  as  subsecjuently  mod- 
itied,  can  well  be  reserved  until  we  conic  to  the  edition  of  1878. 

A  very  large  proportion  of  Dawson's  g(M)logical  paj)ers  related  to 
the  Coal  Measures  of  Nova  Scotia  and  their  included  plant  and  animal 
remains.     His  lirst  publications  on  these  subjecfs  date  back  to  1S43. 

As  carlv  as  1S53   he  announced,  in  connection  with 

Dawson's  work  in         .         n.i*       .»      ^•  i.i.i       i  r  •    i  i.  £        •!* 

NovaScotia,  Lvcll,  tlic  hndiug,  at  the  base  of  an  upright  fossil  tree 

trunk  in  these  Coal  Measures,  of  bones  identitied  by 
Jett'ries  Wvman  and  Richard  Owen  as  thos<M)f  a  reptile  or  batrachian, 
to  which  the  name  I)»  mli'u'jhion  (iriidianinn  was  applied.  The  tinding 
of  the  shell  of  a  terrestrial  molUisk  was  also  announced  at  the  sann*  time. 
Dawson  also  mad(*  iniix)rUuit  observations  regarding  the  origin  of  the 
various  eoal  beds.  He  felt  that  the  conditions  indicated  the  existiMiee 
at  one  time  of  a  long  succession  of  oscillations  Ix^tween  terrestrial  and 

«I)awH()ii's  l)iblio^raj)liy  <'uutaiiit^  upward  of  M^  titles?,  of  which  at  least  nine 
were  lK)oki?. 
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pquatic  circumstances,  which  were  not  acconiiMinied  by  aii\'  material 

pemianent  change  in  the  nature  of  the  surface  of  the  land  and  its 

organized  inhabitants.     He  conceived  that  the  elevation  and  depression 

of  lar^e  areas  were  not  absolutely  conteiupomneous,  ])ut  such  that  ])y 

%  mere  change  of  place  one  could  have  passed  from  a  coal  swamp  to  a 

modiola  lagoon  or  a  tidal  sand  flat. 

In  the  Quarterly  Journal  of  the  Geologicral  Society  for  1850  Daw- 
son had  another  important  jmper  on  the  vegetable  structures  in  the 
coal  in  which  he  announced  that  the  vegetable  matter  of  these  beds 
consists  principally  of  Sigillariie  and  Calamitea^.  With  these,  how- 
ever, he  found  intermixed  remains  of  many  other  plants. 

The  structure  of  the  coal  as  he  here  found  it  conformed  to  the  view 
that  the  materials  were  accumulated  by  growth  in  place  without  any 
driftage  of  materials.  The  rate  of  ac<*umulation  he  thought  to  have 
been  very  slow,  the  climate  of  the  period  being  such  that  the  true  coni- 
fers grew  not  more  rapidly  than  their  modern  congeners.  Making  all 
due  allowances,  he  felt  safe  in  asserting  that  every  foot  of  thickness  of 
pure  bituminous  coal  implied  the  growth  and  fall  of  at  least  fifty  gen- 
erations of  Sigillaria;  and,  therefore,  an  undistur])ed  condition  of  forest 
growth  enduring  through  many  centuries. 

In  this  same  journal  for  1865,  under  the  title  of  On  the  Conditions 
of  the  Deposition  of  Coal,  he  agsiin  referred  to  the  subject.     Writing 
with  reference  only  to  the  beds  of  Nova  Scotia  and  New  Brunswick 
and  their  associated  sediments,  he  showed  that  the  coarser  matter  of 
the  Carboniferous  rocks  was  derived  from  the  neighboring  metamor- 
phic  ridges,  but  nmch  of  the  finer  material  was  pro})ably  drifted  from 
more  distant  sources.     He  thought  there  was  no  good  reason  to  doubt 
that  in  the  Carboniferous  pericxl  the  greater  part  of  the  Laurentian 
and  Silurian  districts  of  North  America  existed  as  land.     C'onsidering 
the  relative  position  and  lithological  nature  of  the  beds  of  the  Car- 
boniferous period,  and  comparing  them  witli  those  of  other  periods  of 
the  Paleozoic  age  in  eastern  America,  he  thought  to  find  indications  of 
the  existence  of  periodic  cycles  such  that  similar  bi»ds  w  ere  deposited  at 
corresponding  periods  in  each,  the  parallelism  ])eing  tu])ulated  as  below : 
(The  several  formations  are  arranged  in  descending  order.) 


Character  of  group. 


Shallow,  mibsldiiiff  marine 
area,  filling  up  with  sedi- 
ment. 

Elevation,  followed  byiilow 
imbfddenoe,  land,  mu^ 
facet,  etc. 

Marine  conditions;  foima- 
tion  of  limentonca,  etc. 


SulMtidence:  diatnrbance«; 
depoflltion  of  coaiM  sedi- 
ment. 


Lower  Silurian.    Ui>i>er  Silurian. 


Devonian. 


I    CHrlxniifen)U>. 


HudHon    River  '  Lower  H elder- 
group,  berg  group. 


Chemung  group..    Upper  coal  for- 
mation. 


ITticanhale Salinagroup  ...I  Hamilton  group...  Coal  Measures. 


Trenton,  Black     Niagara       and  j  ('oniifen»UN  llnu-    ,  I^)\vit    CarlMHi- 

River,       and  ,      Clinton  lime-  '  .ntone.                         iferous     linn- 

Chazy     lime-        stoney.              '  stone. 
ntoncH. 


Potadam  and  Oneidaaml  Me- 
Caleifcrous  dina  nand- 
fiandtftones.  Htones. 


OriMkany      muuI-     Lower     Toal 


stone. 


Measure.s  and 
etrtiglomerate. 
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In  an  article  communicaitecl  to  the  Xatural  History  Soci 
Montreal  in  1860,  Dawson  claimed  to  reoo^ue  "among  the  pa 
metamorphosed  sub-Carhoniferons  rocks  of  Nova  Scotia,  fomi 
rutging  from  the  Middle  Silurian  to  the  Lower  Devonian,  inci 
but  of  a  more  argillaceous  and  less  calcareous  character  than  the 
occupying  this  position  in  the  mainland  of  America.*'  Thegi 
(intrusives)  he  regarded  as  of  newer  Devonian  age,  and  the  A 
series  as  representing  "  the  upper  part  of  the  Middle  Silurian,  j 
bly  with  a  part  of  the  Upper  Silurian,  a  position  much  lower  tha 
assigned  to  it  in  my  Acadian  Geology." 

In  1863  Jules  Marcou,  a  Frenchman  who  had  come  to  Amei 
1S4S,  published  a  geological  mAp  of  the  United  States  and  the  I: 
Provinces  of  North  America,  with  92  octavo  pages  of  explai 
Jatft  Mrrnr'-  ^^^i  ^^^  geological  sections,  and  eight  plates  < 

tSt^Stt'SSm,      fossils  which  characterize  the  formations.     The 
""'  which  was  colored  by  hand,  extended  as  for  w 

the  one  hundred  and  sixth  meridian,  and  the  geological  section 

colored,  extended,  thefirstfrom  the  At 

Ocean  at  Yorktown,  Virginia,  to  Fort 

^^^^^k  mie,  Nebraska,  and  the  second  from 

^^^^^^^k  St.  Johns  in  the  Hudson  Bay  Terrib 

I  ^  ^^^^K  Mobile,  Alabama. 

I  ^  ^^^^  ^^®  author  adopted  the  formation 

m^^Hj^v^  estaliliHhed  by  M.  de  Vernouil  and  M 

flnjB^P  Kon,  in  order  to  render  po^ible  a  satisf) 

^^■j^^^^  comparison  with   the   existing   geol 

^^^^^^^^^^^^^^      miipH  of  England,  Gei'many.  Ku.iMia, 

^I^^^^^^^^^K^^      diniivia,  and  Rohomia.     The  divi^ion-- 

^■^^^J^^^^  brinn  and  Tacoiiic,  however,  were  not 

I   1  niiwd,  Hince,  in  the  opinion  of  the  oon 

riQ.  S8,— Jules  Marcou.  they  '"ought  to  disappear  from  geol 

classification,  for  they  give  two  names 

mctamorphic  rocks,  of  which  they  are  integrant  part-*,  in  all  n 

where  these  lieds  have  been  observed."" 

PerhapH  the  most  striking  feature  of  the  map,  at  least  that  in 
it  differs  the  most  from  those  of  later  date,  lay  in  the  enormous 
opment  of  the  Devonian,  which  is  nuide  to  occupy  a  large  port 
southern  New  York,  as  now,  and  to  extend  thence  in  a  contii 
broad,  but  gnidnally  nairowing  Inuid  soutliwesterly  to  neiir  ' 
loosa,  in  Alaliama.  A  continuous  belt  was  also  indicated  as  exU 
fi-om  the  east  side  of  the  south  end  of  I^ake  Michigan  wpst<>rly  i 
to  the  Missouri  Uiver.  The  bi-own  Triaisic  sundstoncK  of  the  K 
States  were  coloi-ed  iw  Kenper  (yellow),  and  the  Ik'U  west  of 


"  ThiH  pluteineiit  rt-jzHnlinK  the  Taconic  in 
Ihc  part  Marcou  played  in  the  ^nhnequent  i' 


I  little  aurpriniii);  when  i 


frsy  (we  }■. 


iH). 
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mond  and  one  near  Raton  Mountains,  in  New  Mexico,  as  Lias  or 
Jurassic  (blue).  A  band  of  Keuper  was  also  represented  as  extending 
from  the  eastern  end  of  the  south  shore  of  Lake  Superior  quite  across 
the  Coteau  des  Prairies  to  the  ninety -eighth  meridian.  A  continuous 
band,  colored  as  composed  of  granite  porphyry,  syenite,  greenstone, 
gneiss,  mica-schist,  etc.,  was  represented  as  extending  from  below  the 
twenty-fourth  parallel  in  Mexico  northward  to  the  great  bend  of  the 
North  Platte  in  Wyoming,  where  it  was  overlain  by  Silurian,  Devo- 
nian, Coal  Measures,  and  Keuper  strata,  the  latter  flanked  on  the  north 
by  a  broad  band  of  ''copper  trap."  Here  again  the  series  extended 
westerly  to  the  edge  of  the  map  and  northeasterly  to  a  point  about 
midway  between  Mandan  and  the  Little  Missouri  River  in  Dakota. 

This  attempt  on  the  part  of  Mtfrcou  was  certainly  commendable, 
requiring  courage  as  well  as  judgment.  Unfortunately,  Marcou  does 
not  seem  to  have  used  discretion  in  all  cases  in  the  selection  of  his 
authorities,  and  made  altogether  too  sweeping  generalizations,  often 
indirect  contradiction  of  facts  made  known  ])y  other  workers. 

In  1855,  1858,  and  again  in  1872  Marcou  published  in  German}^  and 
France  other  editions  of  his  map,  in  which  he  comprised  the  whole 
country  from  the  Atlantic  to  the  Pacific  Ocean.  Perhaps  the  most 
striking  feature  of  these  issues  is  the  enormous  area  of  country  west 
of  the  Missouri  at  Iowa  and  extending  almost  to  Great  Salt  I^ake  and 
the  Colorado  River  in  Arizona,  colored  as  red  sandstone  (Trias),  with 
broad  intercallations  of  Jui'assic.  This  feature  is  the  same  on  issues 
of  both  1855  and  1858,  although  in  the  map  of  1853  he  colored  the 
same  area  (at  least  as  far  as  this  map  extended)  Cretaceous,  Tertiary, 
and  Quaternary.  In  the  edition  of  1855  the  entire  west  coast  of  Cali- 
fornia south  of  Humboldt  and  as  far  down  as  Monterey  was  colored  as 
occupied  by  eruptive  and  metamorphic  rocks,  while  broad  belts  in  the 
interior,  along  the  courses  of  the  main  rivers,  were  colored  as  Tertiary. 
In  the  edition  of  1858  this  was  in  part  corrected,  the  Tertiary  being 
extended  to  the  coast. 

The  various  editions  of  these  maps,  on  account  of  the  errors  men- 
tioned and  numerous  others  perhaps  even  more  inexcusable,  though 
less  conspicuous,  were  severely  criticised  by  American  geologists,  a 
particularly  harsh  review  of  the  1853  map  being  given  by  James  Hall 
in  the  American  Journal  of  Science  for  March,  1854,  and  of  that  of 
1855  by  W.  P.  Blake  in  the  same  journal  for  November,  1856. 
During  1853  numerous   expeditions  were   sent  out   by   the  War 

Department  for  the  purpose  of  exploring  routes  for 
Ssn^/'iaa^jaM.  ^^^  proposed  railroad  from  the  Mississippi  Valley  to 

the  Pacific  coast.  These  were  in  all  cases  under  the 
immediate  command  of  officers  of  the  Army,  but  to  nearly  all  one  or 
more  naturalists  or  geologists  were  attached. 
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The  published  rcttultK  of  these  explontions,  geological  aiid  otfaer- 
wiHC.  fonii  the  thirteen  (iiiarto  volumes  of  Paeilic  Railroad  Heportf, 
so  well  koown  to  all  natiii'aliNt!«.  Among  those  who  acconipanied  tbe 
expeditions  and  whose  rci>oi-ti  gave  iiliiiost  the  first  authoritative  and 
Hvsteniatic  accounts  of  the  geology  of  the  regions  pa.ssed  over  were 
tlules  Marcoii,  whose  geological  map  has  been  mentioned;  W,  P.  Blake, 
of  New  Haven,  Connecticut;  Thomas  Antisell,  Jaiiiea  Schiel,  and  J.  S. 
Newberry, 


■■ar!nr  tUllnad 


Slarcou  received  his  appointment  in  May.  1853,  with  oi-ders  to  join 
Lieut.  A.  W.  Whipple  in  the  explontlion  of  a  i"outc  near  the  thirty- 
fifth  jMinilli'l  i)f  latitude.  The  roiite  followed  lay  by  way  of  Fori 
Smith.  ArkansM.":  wc^itward  through  Albuqucniuc  and  Santa  Fe,  New 
Mexico,  to  hos  Angeles,  CaUfornia,  ani  oc'i\yj\s4  the  period  betweei 
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June  3,  1853,  and  March  26,  1854.  On  returning  to  Washington, 
June  1,  1854,  Marcou,  on  the  plea  of  ill  health,  asked  permission  to 
jn  work  up  his  results  in  Europ4V,  and,  acting  apparently 
JJJJJ  **^  under  a  misunderstanding,  proceeded  to  pack  his  own 
**■•'••  ■•**•  collections,  together  with  others  made  by  the  party 
under  Captain  Pope  along  the  thirty-second  panillel,  and  made  prep- 
arations to  leave  the  country  on  September  27.  This  procedure  seems, 
however,  to  have  displeased  the  then  Secretary  of  War  (Jetferson 
Davis),  who  insisted,  under  date  of  Septemlxir  25,  that  the  report  be 
made  out  in  this  country.  It  being  then  too  late,  as  claimed,  for  Mr. 
Marcou  to  change  his  plans,  he  was  allowed  to  depart,  but  instructed 
under  threat  of  prosecution  to  turn  over  all  collections  and  notebooks, 
the  property  of  the  Government,  to  the  accredited  representative  of 
the  United  States  at  Paris.  Natural! v  this  treatment  aroused  con- 
siderable  indignation  on  the  part  of  Marcou,  though  it  is  doubtful  if 
he  was  justified  in  his  subsequent  proceedings.  Such  of  the  collections 
and  notes  as  were  returned  were  placed  in  the  hands  of  W.  P.  Blake 
to  be  worked  up,  but,  while  there  is  no  reason  for  criticising  the  latter, 
the  report  was  not  all  that  could  have  been  desired.''  It  is  a  painful 
fact,  moreover,  that  none  of  Marcou's  typi>s  were  returned  to  America, 
•>ut  were,  by  him,  distributed  to  English  and  continental  museums, 
one  of  the  collections  being  now  in  the  possession  of  the  (ieological 
Society  of  L#ondon. 

Before  leaving  for  Europe,  however,  and  !)efore  })ecoming  aware  of 
the  intentions  of  the  Secretary  of  War,  Marcou  made  two  brief  reports 
or  summaries — one  of  the  route  traversed  by  himself,  and  the  other  on 
the  materials  collected  by  Captain  PofKi's  party.     These  were  pub- 
lished in  House  Document  No.  129  and  were  republished,  together 
with  other  papers  by  the  same  author,  in  Zurich  in  1858,  under  t\m 
title  of  Geology  of  North  America,  with  Two  Reports  on  the  Prairies 
of  Arkansas  and  Texas,  the  Rocky  Mountains  of  New  Mexico  and  the 
Sierra  Nevada  of  California.     The  latter  work  was  accompanied  by  a 
geological  map  of  the  United  States  and  a  section  across  the  country 
from  Fort  Smith  to  the  Pacific  Ocean,  the  same  being  a  reprint  of  a 
map  published  by  him  in  1855  in  the  Bulletin  of  the  Geological  Society 
of  France  and  in  the  Annates  des  Mines  for  the  same  year.     (Referred 
to  on  p.  449.)     It  also  contained  a  colored  map  of  an  area  from  35  to 
75  miles  in  width  across  New  Mexico  along  the  thirty-fifth  parallel, 
l>earing  date  of  1857,  and  a  reproduction  of  Maclure's  map,  the  original 
of  which  bore  date  of  1809. 

In  this  summary  Marcou  identitied  certain  horizontal  })eds  overlying 
the  Carboniferous  limestones  as  Triassic,  a  formation  which  on  the 

''Marcou'H  original  notes  and  Blake'n  tranHlation  of  tlie  same  were  published  in 
(Miraliel  ooiumiui  in  the  third  volume  of  the  Paciiic  Railroad  Keports. 
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bftfiiet  of  hU  (^logical  map  of  the  United  States,  published  in  Bostcfl 
in  1868,  above  noted,  he  claimed  to  have  been  the  first  to  recopiize  n. 
the  West  He  divided  it  into  three  divisions,  the  loirest  of  which  h» 
considered  an  equivalent  to  the  red  sandstones  of  I^ke  Superior  (do* 
considered  hs  Cambrian),  the  Bay  of  Fundy,  the  Prince  Edward  vA 
Magdalen  islands,  and  a  part  of  that  of  Virginia  and  New  Jeney.  At 
Pyramid  Mount,  in  the  Llano  Eetacado,  he  claimed  to  have  fonDd 
Jurassic  rocks  overlying  conformably  the  Keuper  (the  first  discoveij 
of  rocks  of  this  horizon  in  America),  and  at  Galisteo,  in  New  Mexico, 
the  White  Chalk  division  of  the  Cretaceous.  From  the  fact  that  tlM 
Cretaceous  beds  lie  unconformably  upon,  the  upheaved  Triassic  ud 
Jurassic  bedit,  he  concluded  that  the  same  were  deposited  after  the 
principal  dislocation  of  the  Rocky  Mounteins,  which  took  place  at  the 
end  of  the  Jumsi^ic  period. 

The  Sierra  Nevada  he  rightly  inferred  to  be  of  more  recent  aptift 
than  the  Kocky  Mountains,  prol>ably  dating  from  the  end  of  the 
Miot-ene  or  Pliocene,  and  the  Coast  Baoge 
from  the  end  of  the  £kx»nc. 

To  W.  P.  BUke  fell  the  lot  of  ac-companj- 
iiig  Lieutenant  Williamson,  whose  route  M 
from  San  Francisco  southward  along  theSu 
Joa<]uin  River,  through  San  Francisco  Pta 
in  the  moiiiitain;4  to  the  Mohave  River,  ant 
workoiw.P.Btak.  eastward  along  the  thirty 
ihe*iKI?ifl?teuhiiId  '=<'<■«"('  an<i  thirty-third  par 
Survey.,  18M-18M.  „i|el,s  to  the  mouth  of  tin 
(rila.  The  region,  as  jjointed  out  by  S- ^ 
Kmmims,"  "is  not  one  from  which  detinil' 

geological dulacoiild  beohtained,"therofk( 

.  -wmi,mrhipiM.Bi«k.-.  with  the  exception  of  recent  and  Tertiar 
forniiitions.  Iwing  barren  and  classed  b 
mctuniDi'phir  and  iTuptivo.  He  however  noted  the  wide-spread  oceui 
rencc  i>f  Tertiiiry  rocks  about  Sun  Franci»c<i  and  in  southern  Cal 
forniii  and  the  uccurrpnco  of  cniptivc  sci-p<'ntinous  rocks.  He  ah 
made  ninny  intcivsting  minor  (iliservatlons  on  the  j)oiishing and  groo 
ing  of  imnl  rocks  by  wind-blown  sand  and  other  desert  pheuomeii 
Mountains  of  the  isolated  or  "lost  mountain"  typo  were  descril* 
and  the  fact  that  the  Colorado  Desert  was  below  the  level  of  the  si 
notc<i.  The  age  of  the  coast  mountains  was  detennined  as  at  lea 
p<)st-I'lio<-ene,  and  the  impregnation  of  the  rocks  of  tlie  region  wi 
gold  he  regarded  as  having  been  conteiuponineou''  with  the  uplift. 

"Pri'i-iiU-ntialaiiaresw,  i  le.jUigi.-ul  Sddfty  uf  Wa^hiiiglim,  llfiHi. 
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To  Blake^  too,  fell  the  study  of  the  collections  made  by  Pope's  expe- 
dition along  the  roiit^  near  the  thirty-second  panillel.     It  was  the 
original  intention  of  Pope  that  this  work  should  })e  done  by  Marcou, 
but  owing  to  the  decision  of  Davis,  then  Secretary  of  War,  the  collec- 
tions were  returned  b}'^  Marcou,  as  already  noted,  'Mn  a  confused  con- 
dition and  with  many  of  the  labels  displaced"  and  given  to  Blake. 

Captain  PopeA-^  route  extended  from  Preston  on  the  Red  River  in  a 
southwesterly  direction  to  the  Pecos  River,  and  thence  nearly  due 
we«t  to  the  valley  of  the  Rio  Grande  at  El  Riso  and  Dona  Ana  in  New 
Mexico,  crossing  the  Organ,  Huerco,  and  Guadalupe  mountains.     The 
result  of  this  expedition  was  to  establish  the  Carboniferous  character 
of  the  limestone  of  the  Organ  Mountains,  the  prevailing  gmnitic  t3'pe 
of  the  Huerco  Range,  and  the  presumable  Carboniferous  age  of  the 
lime.stone  and  sandstone  of  the  Guadalupes  (see  also  Shumard's  obser- 
vations, p.  434).     The  underlying  formations  of  the  Llano  Kstacado 
were  judged  from  the  specimens  to  be  pr()})a!)ly  ('retaceous  and  not 
Jurassic,  as  mapped  by  Marcou.      For    the  geology  of  the  region 
between  Llano  Estacado  and  Preston,  Blake  drew  larg(»ly  on  Shumard's 
publications. 

The  origin  of  the  gypsum  })eds  he  n^garded  as  due  to  the  action  on 
the  underlying  limestone  of  percolating  waters  containing  sulphuric 
acid  derived  from  the  decomposition  of  pyrites. 

Thomas  Antisell  accompanied  the  peLVty  under  command  of  Lieut. 
J.  (i.  Parke,  surveying  the  route  in  southern  California  to  connect 
with  the  routes  near  the  thirty-tifth  and  thirty-second  parallels  and 

also  the  route  near  the  thirty -second  panillel  between 
JJJi^y*  ®*  the  Rio  Grande  and  Pimas  Village,  which  was  explored 

by  Parker  in  1854-55. 
Antisell  recognized  the  post-Miocene  age  of  the  final  uplift  of  the 
Coast  Range  and  thought  that  the  elevating  force  must  have  taken 
place  from  two  points,  one  in  the  north  and  one  in  the  south,  and  that 
the  forces  became  gradually  spent  a.s  they  passed,  one  in  a  southerly 
and  the  other  in  a  northerl}"  direction  toward  each  other.     He  con- 
ceived that  this  resulted  in  an  uj)lifting  of  t\u)  consolidated  crust  of 
the  State  at  either  end,  while  the  renter  remained  (juiescent,  causing 
thereby  a  rupture  of  the  superficial  strata,  or  eviMi  a  depression  below 
sea  level  near  the  middle,  forniing  thus  San  Francisco  Ba3\ 

Influenced  to  some  extent  })v  Eliede  Beaumont's  theorv  of  mountain 
uplift  and  the  relative  age  of  mountain  ranges,  as  indicated  l)y  th(»ii- 
parallelism,  he,  without  committing  hiniself  in  any  way,  called  atten- 
tion to  the  north  and  south  trend  of  all  the  New  Mexican  ranges  and 
northwest  and  southeast  trend  of  the  Sierras,  the  Coast  Range,  and 
the  ranges  of  Nevada. 

No  Paleozoic  rocks  were  recognized  in  th(^  soutluM-n  part  of  the 
State.     The  sandstone  underlying  the  Carbonif(M*ous  limestone  of  the 
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Gila  regioH,  New  Mexico,  was  thought  to  be  Devonian,  though  no 
fossilis  were  found  by  which  the  age  mi^ht  be  definitely  pi-oven.  MTiat 
fossils  were  collected  during  this  expedition  were  deacribed  by  Conrad 
and  were  all  Tertiary  forms. 

As  with  Hitchcock  and  other  of  the  early  workere,  he  failed  to  real- 
ize the  full  oupabilities  of  river  a^stion  during  gradual  cnistal  raovp- 
nient,  und  found  the  same  difficulty  in  accounting  for  the  course  of 
the  Gila  that  Hitchcock  did  witli  that  of  the  Connecticut  (p.  3Hl). 

During  the  eeriea  oE  elevations  [lie  wrote]  which  finally  uplifted  this  range  ((he 
Pinaleno]  to  its  [iresent  altitude,  the  upheaving  force  must  have  \)een  excrtf^l  even 
uiion  tLt;  i<ontlit.-ni  i>ortion  of  the  range,  raieing  the  tabltvland  of  northern  Hanoi* 
and  Chirii^ahua  to  eo  great  a  height.  This  strain  may  have  [irodui^ed  a  fissure  from 
eaet  to  west,  or  cracked  and  perhaps"  deprweed  the  strata  along  parallel  3;t°,  km! 
thus  euabliil  the  tiila  to  take  that  an  a  permanent  course.  Some  Kuch  cataBtrophe 
must  have  occurred,  for  it  in  scarcely  prolKiliIe  that  the  river  unaided  could  hiv* 
cut  thrn<^h  such  lofty  IiiIIh  ami  han)  rockH  as  it  appears  to  have  done  iti  il^  pss^v 
through  the^  mountains,  running  as  it  cloes  at  right  angles  to  the  strike  of  Ibe 

Antisell'ti  report  wa.'S  accompanied  l»y  numerous  sections  in  black  and 
white  through  the  coa.it  riinges,  and  a  colored  geological  map  of  the 
legion  extending  from  San  Francij^co  to  Los 
Angeles;  also  by  a  colored  map  and  section 
of  the  region  from  the  Kio  Grande  (then 
known  as  the  RioBnivodel  Norte)  to  beyond 
.Maricopti  Wells  (llti    SO').  "      ' 

.Vutisi'li  wiis  liiini  in  Ireland,  of  French 
llugiu'iiot  [niri'iitiige,  iit  1H17,  and  came  t" 
Ainciiia  for  politiciil    reii- 
iAniiKH.      soiisin  1.S4K, where  he  prac 
ticcd   medicine  until    lSr4. 

I  in  till'  meant inie  holding  the  position 

II  rcr  on  ciiomistry  in  a  number  of  col- 
iiicluding  tlioso  of  Wood.stock.  Ver- 

I'ittslii'lil,  ^iHssiichusotts;  and  at  tiie 
ik-rkshrro  .Mcdiini  Institute.  Prior  to  his 
Aiin'ric;iM  i>\]iciii'ni-rs,  though  by  profession  a  surgeon,  he  had  nmni- 
fi'sh'd  ii  livi'ly  inli-rost  in  niattcrs  pertaining  to  other  sciences,  and  had 
pul>lir>lie(l  ill  rS4i;  a  dnodfrinio  voiumt^  of  S4-  pages  on  Irish  geology 
and  a  miuiiiai  of  iigriciiltiiriil  chfinistry.  prepared  with  especial  refer- 
ence lo  the  soils  of  Ireland.  Ills  work  with  the  Pacific  Hailroad  Sur- 
vey, above  noted,  i-oinprised  lii-^  only  gi'iiloglcal  investigations  after 
coming  to  Aniericii. 

In  l!S;>(i  lie  was  upiKiinted  ;ui  examiner  in  the  Patent  Office,  but 
resigned  to  enter  the  Union  Army  as  snigcon  in  IMU.  In  ISm  he 
lM-cam<!  chief  dieniist  of  the  lV]iartinent  of  Agn.'ultiiiv.  and  in  ISTl 
was  appointed   by  the  Japanese  tiovernnieiit   tin  expert  lu  ehcinical 
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lology  in  Tokyo.  He  returned  to  the  United  States  in  1877  and 
reappointed  to  his  former  position  in  the  Patent  Office,  where  he 
ined  until  1891. 

S.  Newberry  was  geologist  to  the  party  under  Lieutenants  Wil- 
on  and  Abbot,  surveying  routes  in  California  and  Oregon. 
»erry  regai'ded  the  sand.stone  in  the  vicinity  of  San  Francisco  as 

probably  Miocene,  and  the  serpentines  as  of  igneous 
^^S^t^^origin — in  this  agreeing  with  Blake.      The  rocks  at 

Arbuckle's  diggings,  near  Fort  Reading,  were  consid- 
is  Cretaceous.  He  did  not  agree  with  Trask  in  thinking  that  the 
i  Nevada  terminated  at  Lassen's  Butte,  or  that  the  Coast  Moun- 
when  continued  northward,  form  the  Cascades  of  Oregon  and 
lington.  He  regarded  Mount  Shasta  as  a  part  of  the  Sierm 
las  (as  did  also  King,  later),  which  were  themselves  probably  of 
er  antiquity  than  the  Coast  Range  Mountains.  In  this  he  was 
He  thought  to  have  discovered  evidences  of  a  continuous  ice 
in  the  region  of  the  Three  Sisters  and  Mount  Jeffei*son  in  the 
des.  The  canyons,  as  of  the  Columbia,  he  rightly  regarded  as 
)  stream  erosion,  not  to  rifts  bv  volcanic  action.  The  few  fossils 
ted  were  described  bv  Conrad  and  all  as  Miocene, 
i  survey  along  the  thirty-eighth  and  forty-first  parallels  was  first 
1  under  the  direction  of  Captain  Gunnison,  who,  however,  lost  his 
I  a  fight  with  the  Indians  in  Sevier  Lake  Valley  in  1858.     Lieut. 

E.  H.  Beckwith  was  then  placed  in  charge,  with  Dr. 
Work.  James  Schiel  as  geologist.  The  route  lay  across  Kansas, 

up  the  Arkansas  River,  and  across  the  front  mngo  to 
Jleys  of  the  Grand  and  Green  rivers,  south  of  Salt  Lake;  thence 
I  the  Humboldt  Desert  and  Sierm  Nevadas  to  the  Pitt  and  Sacra- 
►  rivers  in  California.  The  report  contains  scarcely  anything  of 
from  a  geological  standpoint,  !)eing  mainly  mineralogical  and 
>gical,  though  a  few  invertebrate  fossils  are  described  and  one 
fish,  the  first  named  being  mainlv  specimens  of  J^'odtfcivs, 
^ahilu^  InoceramuH^  and  (iryphen.  Nothing  was  said  regarding 
probable  geological  age. 

John  Evans,  whose  early  work  in  the  Bad  Lands  is  noted  else- 
!,  made  to  Governor  L  I.  Stevens  reports  on  the  geology  of  the 
etrn  route,  which  wero,  however,  nev^er  printed. 
B  Bvans't  According  to  Ennnons,"  two  reports  were  made,  but 

iWasiiioftoii  ]^|.|^  y^i^x^  lost  in  transit  from  the  Pacific  Coast  to 
fe».  Washington.     No  final  report  was  published,  though 

}pondence  shows  that  such  was  prepared  and  sent  to  the  Govern- 
Printing  Office  as  early  as  1801.  Doctor  Evans  dying  in  1861, 
ice  of  the  manuscript  appears  to  have  been  lost. 

« Presidential  A<l<lresH,  <  Jeological  Society  of  Washington,  1896. 
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George  Gibbs  accompanied  a  party  under  the  comnutnil  of  CapL 

George  B.  McClellnn  and  made  reports  on  the  country  lying  on  Shoal- 

water  Bay  and  I'liget  Sound,  and  also  in  the  central  part  of  what  w» 

then  the  Territory  of  Wash- 

?„*^?£SJ»1ri'«*°^  ington.    Hi«  pubUshed  notes 

contained  little  of  geologin! 

interest.     Gibbs,  it  should  be  stated,  while 

iictive  in  scientilic  matters,  did  little  work 

along  the  broad  lines  of  geology.     His  bib- 

liogiTtphy  consists,  in  addition  to  the  Rbove,    1 

of  three  brief  notes,  altogether  comprising    ! 

lesH  than  a  printed  page.     He  thought  to    ■ 

have  discovered  that  the  paving   blocks- 

pei)bles~oh  Waverly  Place  in   New  York 

('ityhad  through  the  weight  of  tmttic  yielded 

&H  if  plastic,  so  that  the  concavity  of  one 

>-io.  dj.— ticorgi:  liiijiw,  fitted  into  a  corresponding  convexity  in  its 

neighbor.     He  also  called  attention  to  the 

"gladen"  in  Ouklnnd,  Allegany  County,  Maryland,  which  he  believwl 

to  have  been  the  scats  of  ancient  glaciers. 

In  this  connection  mention  should  be  made  of  the  survey  by  Swalloff 

of  that  portion  of  tlie  line  built  under  State  auspices 

extending  froui  St.  I^uis  westward  to  the  State 

s  the  Southwest  Branch,     The  report 

of  this  survey  com|)rised,  all  told,  less  than  one  hundred 

jmges,  and  is  of  interest  nminly  for  the  c(»kired  yenlogicnl  unip  of  the 


'•  Survey  of 


region  tniversed.  It  dealt,  naturally,  niainl 
as  the  distribution  of  the  ores  of  lead,  zin<'. 
and  copper  iintl  tlie  chunicter  of  the  soil. 

In  IsrA  the  geni'iiil  ussenihly  of  Tennessee 
passed  an  act  cri'titiiig  for  a  sei-ond  time  the 
office  of  geoli.^iist  iind  niineciilogist  of  the 
Stale.  .1.  M.  Siilford.  then  holding  the  chair 
of  cheinistrv,  geologv.  siiid  natural  histiirv 

in  the  Cinnl.crknd  I'liiver- 
l^nnU.^i'SJ"      =^>t.v  at  I^'liaiu.n.  Tennessee. 

WHS  appointed  to  the  [josi- 
tion,  continuing  to  sci've  until  the  oulhreak 
of  the  civil  svar.  wlu'n  the  wi.rk  was  al.an- 
doned.  During  this  time  hi-  published  two 
biennial  repiirts.  the  lii'st  in  ls."i6  ci>nipris- 
iiig  1(14  pages,  mid  (he  sccinid  in  l«.'i7  coin- 
prising  lint  1 1  jKiges.  A  tiiial  volume  on 
comprising  rK>t>  pages  with  T  plates  of  I'os 
p.  :.M). 


questions. 


the  geology  of  Tennessei 
isils,  !ipt»eared  in  l»ii',t  (se 
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first  report,  known  under  the  title  of  Gcoloffioal  Reconnaissance 
messee,  was  prcHented  to  the  general  aijsemhh-  in  1855,  and  pul>- 
in  I85ti.  It  was  {fiven  up  largely  to  a  somewhat  popular  treatise 
•  economic  gcol<^y  of  the  State,  with  much  interesting  stratigniph- 
nattcr. 

•  discussed  the  (Hrcurrenco  of  the  ores  of  iron,  copper,  lend,  zinc, 
even  gold  and  silver,  and  included  also  n  brief  chapter  on  Alli- 
um or  the  Metal   from  Clay.      '"Stone   coal"  and  the  marhlcs 
eived  ti  share  of  attention,  us  well  as  various  minor  miiienils.     From 
trietly  geological  standpoint  the  matter  given  in  chapters  5  and  tl-- 
«  dosing  chapters  of  the  i-eport— was  of  greatest  importance.     Here 
f  dwelt  on  the  general  geological  structure  of  the  State  and  gave  the 
iDw  well-known  Cumberland   section,  repn)dueed  with  the  original 
^nA  in  tig.  t)4.  and  also  an  ideal  cross  section  illustrating  the  geolog- 
iiiil  structure  of  East  Tennessee,     lie  imintcd  out  the  striking  paral- 
leliMiii  of  the  valleys  and  ridges  and  the  occjisional  vertical  position  of 
the  Iwds.  as  well  as  the  frequent  repetition  of  the  same  series  of  lieds, 
due  to  folding  and  faulting. 


Length   flection  ^mlrxvit-uva     a 

Ainclt  lIlRhiilKeK  rvpiit  Tiljr  il  tl  <  n  In  1  iiiil  mil  Wnlik-ii'*  riilo'.oviTlcH.kiiiB 
il*I  rLpme  (e<l  b>  Ihp  r]  |  r  wk  n  Ix  IK  i  n  I  Narrow  viinc)'i>niicT<mniwiv  Hlvcn  tlii'MvlUni 
'tawolew  miloabn  k  My  ■  P  rrr  h  I  rll  irf  ilipWiiMcn'^rlilKr anil  Itniiwin  mTiKc nit  iilT 
^UMiiTtrr  ek  L  Ln  k  n  I  M  unlal  iMpni^i  >ii  U-lwo'n  Kaii'l  l»  VaUcyorUx.kimi  Cn'i-li. 
nMBnbmkcn  Ilnt-i  rppnwiil  tlip  IiimiHliniiH  w  Ihvy  hi'IIIhIIv  iiO'iir.  Tlif  1>n>k<ti  Kin's  Imliivtc 
(iiirintil  of  inxttcr  mnovi"!  by  di'iiiiditlioii.  K.  Siiniiiiit  of  tin- 
prifinK  liin'M  iiiilliiilliiK  u  K'l'tluii  of  llii'  «iiii(">w<l  tlwlin'  "r  n-iil. 

He  grouped  the  rocks  under  fourteen  formations,  extending  from 
the  mica-slate  group  of  metaniorphic  rocks  of  Azoic  ago  to  (li<-  .VIlu- 
vial,  post-Tertiarj'  series.  The  nuich  discussed  and  still  eniginatictil 
Ocoee  congloniei-ates  were  included  in  his  s<Mniuietaniur]>hic  scries  at 
the  top  of  the  Azoic.  Trixwt.  it  will  be  renu>ml>ercd,  put  them  at  the 
tiate  of  hLs  Cambrian. 

The  importance  of  fossils  for  purjjoses  of  corivlation  wiis  itt  this 
time  distinctly  roc^^nizcd. 

Kvety  fonnalion  ha»,  in  gtvat  ]iurt,  its  ciwti  h|h'Cui'  nl  dwsils'.  Mi>st  of  tlinrtc  /duik 
in  line  Jo  not  orcar  in  any  otliir.  I'jicm  this  liid  iU-imiihIh  tin-  jm-iit  iitilily  <>l  f.svili 
Tlii-y  turaieli,  when  known  w>4l  rnouiih  m  lie  rrniKnizi-ii.  uninislakiilili'  I'viclrmr  i 
th«  fttoliifpcat  pMttion,  anil  )ient»'  llii>  ^'ncnil  clianii'tcr  nf  tli<-  foniiiitinn  in  wliii 
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This  report  shows  on  the  part  of  Safford  a  thorough  insight  into  the 
intricacies  of  the  structure  of  the  State  and  an  ability  to  grasp  the 
salient  features  and  master  the  broader  problems  in  a  manner  perhaps 
not  realized  by  many  of  his  contemporaries  and  successors. 

The  second  biennial  report,  which  appeared  in  1857,  gave  simply  a 
brief  account  of  the  objects  and  utility  of  the  survey,  with  a  general 
summary  of  what  had  l)een  accomplished. 

In  this  connection  Ric^hard  O.  Currey's  Sketch  of  the  Geology  of  the 
same  State  may  be  mentioned  briefly.     Currey  had  been  a  pupil  of 
Troost  and  later  a  professor  of  chemistry  and  geology  in  East  Ten- 
nessee University.     His  geological  writings  are  few 

R.O.  Currey's  Sketch         ii.>ii  »    •%  i  i^i 

oftheoeoiogyof       and  limited  mainly  to  such  papers  &s  the  Southern 

Journal  of  Medical  and  Phj^sical  Sciences,  the  Nash- 
ville Banner,  and  The  Virginias.  The  sketches  above  referred  to  were 
first  published  in  1853  in  the  Nashville  Banner,  and  subsequently 
brought  out,  under  the  title  quoted,  in  form  of  a  booklet  of  128  pages, 
accompanied  ])y  a  reprint  of  Safford\s  map  in  black  and  white. 

In  1854  Dr.  Ebenezer  Emmons  began  the  publication  of  a  work  on 
American  Geology,  the  intention  being,  as  announced  in  the  *'pro- 
posals,''  to  bring  it  out  in  four  or  five  parts,  each  of  which  should 

contain  about  2(X)  pages  of  matter.  The  first  p«rt, 
aStoJy!  1 8M^""  containing  194  pages,  was  issued  at  Albany  in  1854. 

It  was  given  up  mainly  to  a  discussion  of  the  general 
principles  of  geology,  of  the  rocks  composing  the  earth's  crust,  and 
some  70  pages  devoted  to  An  Application  of  Geological  Facts  and 
Principles  to  the  Business  of  Mining.  Part  II — the  last  that  was  ever 
issued — comprised  250  pages  and  IS  plates,  and  was  given  up  to  an 
exix)sition  of  the  author's  views  on  the  Taconic  and  Lower  Silurian 
systems  as  developed  in  Ameiica  and  England. 

This  work,  as  outlined,  was  hy  far  the  most  pretentious  of  its  kind 
that  had  thus  far  appeared  in  Anierica,  antedating  Dana's  Manual  by 
some  ten  years,  and  having  for  its  predecessors  only  the  American 
reprints  of  Hakeweirs  Introduction,  Huckland's  Bridgewater  Treatise, 
and  De  La  Beche's  Manual,  besides  the  smaller  text-books  of  Eaton 
and  Emmons,  published  in  the  twenties,  and  which  have  been  pre- 
viously not^d.  There  was,  th(»refore,  ample  room  for  a  work  of  this 
nature,  but  it  is  doubtful  if  the  0(*casion  was  propitious  or  Emmons 
the  man  for  the  task.  Too  nuich  of  the  work  (122  pages)  was  given 
up  to  a  defense  of  the  author's  own  peculiar  views,  which  were  not  in 
all  cases  the  best,  or  most  generally  accepted.  His  style  was  \x)ot, 
often  lacking  in  perspicuity,  and  in  many  ways  he  laid  himself  open  to 
savage  onslaughts  of  criticism.''  Unjust  as  nuich  of  this  criticism  may 
have  been,  Enuiions,  it  must  ])e  confessed,  showed  singular  ignorance 

'^«sVv'  lialVt*  rvv'iew  (unsigned)  in  the  American  Journal  of  Science,  XIX,  May,  185.'>. 
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of,  or  indifference  toward,  much  of  the  work  that  had  been  done  in  the 
West  and  Northwest,  and  his  ideas  regarding  the  early  history  of  the 
globe  were  not  the  most  advanced.  Heat  was  regarded  as  at  first 
the  predominant  and  active  element.  As  the  activity  of  fire  diniin- 
i  ished,  that  of  the  antagonistic  clement,  water,  increased.  The  first 
was  paroxysmal  in  its  action,  the  latter  constant.  In  America  he 
found  the  evidences  of  aqueous  agencies  on  a  grand  scale,  but  "vol- 
canic fire'-  seemed  so  far  a  thing  of  the  past  that  it  was  "  impossible 
to  obtain  specimens  even  for  laboratory  illustration." 

Fire  or  heat,  he  wrote,  acts  in  four  ways:  (1)  In  the  elevation  of 
areas  by  expansive  forces  beneath  the  crust;  (2)  by  the  transferrence 
of  fused  matter  from  the  interior  to  the  surface;  (3)  by  producing 
areas  of  subsidence,  caused  by  this  loss  of  matter  from  beneath;  and 
(4)  the  elevation  or  depression  of  areas  simply  through  expansion  and 
contraction  of  strata  by  heat  and  cold.  The  internal  heat  he  regarded 
as  effective  in  sustaining  *'  that  degree  of  temperature  which  is  best 
fitted  to  the  organic  and  structural  conditions  of  living  beings"  on  the 
earth. 

The  classification  adopted  was  essentially  the  same  as  that  put  out 
in  his  North  Carolina  report  (p.  431)  and  need  not  be  repeated  here. 

The  pyrocrystalline  rocks,  it  may  be  stated,  however,  he  regarded 
as  the  results  of  the  primary  consolidation  of  the  earth's  crust.  The 
fact  that  some  of  these  occurred  in  dikes  he  thought  to  be  due  to  the 
&suring  of  the  earlier-cooled  portions  of  the  crust  by  shrinkage  and 
the  forcing  up  through  these  fissures  of  the  lower,  still  unconsolidated 
portion.  He  imagined  that  the  age  of  rocks  might  be  deduced  from 
their  crystalline  state,  the  older  having  been  subjected  to  greater  heat 
and  hence  becoming  most  perfectly  fused  and  most  highly  cr3^stJ^llin(» 
on  cooling.  The  granites  were,  therefore,  regarded  as  the  first  prod- 
ucts of  cooling  and  the  oldest  of  rocks. 

£mmons  regarded  concretions  and  nodules  as  symmetrical  bodies 
due  to  *'a  force  by  virtue  of  which  the  molecules  are  really  tninsferred 
to  central  points  where,  by  constant  accumulation,"  they  form  the 
concretion.  The  parallel  planes  of  the  rhombic  forms  in  limestones 
and  slaty  rocks,  and  jointed  structure  in  general,  ''admits  of  the  same 
explanation."  The  concentric  weathering  shown  by  massive  rocks 
was  referred  to  the  same  cause.  Further  than  this,  he  regarded  the 
phenomena  of  rift  and  grain  in  a  massive  rock  as  identical  with  cleav- 
age in  a  simple  mineral.  Such  rocks  ''are  not  only  composed  of 
crystallized  minerals,  but  they  are  crystalline  in  the  mass." 

The  serpentine  of  Syracuse,  New  York,  he  considered  a  nmgnesian 
wck  altered  by  proximity  to  eruptives,  and  he  still  adhered  to  the  idea 
^i  the  igneous  origin  of  the  crystalline  limestones  of  St.  Ijawrenci* 
County,  as  announced  in  his  New  York  report.  For  the  first  time  in 
an  American  text-book  there  was  here  recognized  the  relationship 
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existing  between  eonj^lomerates  and  sandstones  as  shore  deposits  and 
the  pelagic,  calcareous,  and  argillaceous  materials  laid  down  at  greater 
depths. 

In  1854  Dr.  William  Kitchell  was  appointed  superintendent  of  the 
geological  survey  of  New  Jersey.  He  continued  in  oflSce  until  theclose 
of  1850,  during  which  time  he   made  three    annual  reports,  being 

assisted  in  the  geological  work  by  George  H.  Cook 
Survey  of  New  and  in  the  topographic  by  Egbert  L.  Viele.     It  was 

Jeney.  1854-1856.  ^     ,      .     ^V,^^      *,  ur^,  i  i.    ^i  i 

oxi;)ected  that  Conrad  would  take  charge  of  the  pale- 
ontologiciil  work,  but  failing  health  forcing  him  to  resign,  it  was  placed 
in  the  hands  of  James  Hall.  Up  to  the  time  of  the  discontinuance  of 
the  survey,  however.  Hall  appears  to  have  done  little.  The  vertebrate 
fossils  collected  were  placed  in  the  hands  of  Joseph  Leid3^  Mr.  Henry 
Wurtz  served  as  chemist  and  mineralogist. 

Such  part  of  the  work  as  was  done  directly  by  Kitchell  contained 
little  that  was  original  or  worthy  of  note,  the  stmtigraphic  work  being 
almost  wholly  done  by  Prof essor  Cook.  In  the  first  report  considera- 
ble attention  was  paid  to  the  greenstone  marls,  their  distribution  and 
chemical  composition,  although  other  economic  questions  were  taken 
up,  particularly  those  relating  to  the  iron  ores.  The  magnetic  iron 
ores  were  regarded  as  deposited  contemporaneously  with  the  sedi- 
mentary rocks  in  which  they  were  inclosed. 

In  the  third  annual  report,  printed  in  1856,  Cook  called  attention  to 
the  swamp  lands  and  buried  timber,  and  also  the  apparent  gi'adual 
eiicroacliments  of  the  sea  in  Cape  May  County,  and  stilted  it  as  his 
opinion  that  the  sinking  of  the  coast  was  going  on  at  the  mte  of  about 
2  feet  in  one  hundred  vcars.  The  white  crvstalline  limestone  of  the 
highlands  was  here  classed  as  Azoic. 

The  results  of  these  ol)servations  were  afterwards  printed  with  some 
additional  matter  in  se])arate  form,  entitled  (ieology  of  the  County  of 
C-ape  May,  State  of  New  Jersey,  bearing  the  date  of  1857.  This  report 
contained  a  colonel  geological  map  of  the  county  and  catalogues  of 
the  zoological  and  botanical  collections  and  a  few  fossil  invertebrates. 

The  survey  was  !)r()ught  to  a  close  on  the  1st  of  May,  1850,  owing 
to  the  fact  that  the  Stiite  did  not  feel  able  to  provide  an  appropriation 
for  its  continuance. '^ 

Tli(»  surv(\ving  party  under  Maj.  W.  H.  Emor}',  for  the  purpose  of 
fixing  the  Mexican  boundarv  in  accordance  with  the  treatv  of  1854, 
was  acc()ni]mnied  by  Dr.  (;.  C.  Parry  in  the  capacity  of  geologist  and 

botanist  and  Arthur  Schott  as  an  assistant.    The  obser- 

Emory's  Mexican  .  i      i  i  i  i  i         . 

Boundary  Survey,     vations  made  bv  tlicsc  two  men  were  larcfelv  phvsio- 

1 855-1856.  ^  O.I. 

graphical  and  niineralogiciil,  with  numerous  notes  of  a 
lithological    natun*.      Collections  of   fossils   were   fortunatel}-  made, 

''.Irrorrji/}^'  to  (-ook  ((.icnlo;;)-  ot  New  JtM-st'v,  IKeW),  Kitchell  died  suddenly  in  the 
iniil^t  ()[  luH  artivo  <hitie8,  leaving  \\is  uoW^  vwuV  YVA\v^t^  \\w«ctT\i.Tv^^  W  v^blication. 
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which  were  referred  to  Messrs.  Hall  and  Conrad  for  determination  and 
report.     The  published  report,  the  work  of  all  the  above  mentioned, 
comprised  but  174  pages  of  text,  with  21  plates  of  fossils.     It  was, 
however,  noteworthy  in  containing  a  colored  geological  map  of  the 
Mississippi  Valley  and  country  to  the  west.     This  has  the  distinction 
of  hemg  the  earliest  colored  geological  map  of  the  region  published  by 
;   the  Government.     It  is,  moreover,  of  historical  interest  as  showing 
:    how  little  was  definitely  known  of  the  region.     The  known  mountain 
!    ranges  were  colored  as  metamorphic,  often  flanked  by  more  or  less 
I    sinuous,  narrow  bands  of  Cretaceous  and  Carboniferous  rocks.     Large 
treas  of  igneous  rocks  were  represented  as  occurring  in  the  extreme 
northwest  (California,  Oregon,  and  Washington),  but  the  great  inte- 
rior, the  Great  Basin  region,  was  left  almost  entirely  blank — geolog- 
ically a  terra  incognita. 

The  fossils,  collected  largely  from  Texas,  were  almost  wholl}'  Ter- 
tiary, Cretaceous,  and  Upper  Carboniferous  forms.  A  few  Lower 
Silurian  forms  were  figured  and  named  by  Hall,  but  no  descriptions 
were  given. 

What  should  have  been  the  most  important  work  on  economic 
geology  of  the  year,  and  perhaps  the  most  important  thus  far  to 
appear,  with  the  exception  of  Whitney's  Metallic  Wealth  of  the  United 

States,  already  noted,  was  Lesley's  Manual  of  Coal 
cSi^i'gjJ.""^***     and  its  Topography,  issued  in  I85f)— an  octavo  volume 

of  ti24  pages.  The  scope  of  the  volume  was,  however, 
scarcely  what  one  would  be  led  to  expect  from  its  title,  and  its  possible 
usefulness  sadly  marred  by  the  personal  claims  of  the  author.  Not 
confining  himself  to  the  subject  of  coal  and  its  topogmph}^  he  entered 
freely  into  the  subject  of  mountain  structure,  with  especial  reference 
to  the  Appalachians,  the  formation  of  valleys,  theories  of  the  drift, 
topographical  drawing,  and  kindred  subjects.  Lesley  was,  it  should 
be  remembered,  a  topographical  assistant  on  the  survey  under  Rogers 
in  1839-1851.  Reference  to  his  work  while  on  the  survey  is  there- 
fore to  be  expected,  though  it  must  be  confessed  one's  expectations 
are  somewhat  exceeded  when  he  lays  claim,  on  his  own  behalf  and 
that  of  Messrs.  Whelploy  and  Henderson.-- also  assistants  on  the 
Rogers  survey — to  having  been  the  first  to  unravel  the  intricacies  of 
Appalachian  structure.  ''Years  of  patient  toil,''  he  writes,  "it  cost 
us  to  unfold  the  mysteries  of  the  Pennsylvania  and  Virginia  range." 
This  same  claim,  in  an  even  more  aggressive  form,  he  put  forward 
*gain  three  years  later,  in  his  Iron  Manufacturer's  Guide,  which 
appeared  under  the  authority  of  the  American  Iron  Association,  of 
^hich  he  was  secretary,  in  1859.^ 

''These  attacks  brought  forth  an  emphatic  rejoinder  from  R.  E.  Roj^ers  (a  brother 

^^  ^-  D.  Rogers),  which  was  printed  privately  in  form  of  a  pamphlet  of  22  pages, 
1859. 
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The  merits  of  the  case  can  not  here  be  decided,  but  it  would  see 
most  probable  that  this  offers  but  another  illustration  of  the  exper 
ences  of  every  executive  who  has  planned,  direc*ted,  and  rendere 
possible  the  work  of  subordinates,  only  to  find  in  the  end  that  tb 
value  of  his  instrumentality  is  quite  underestimated,  and  all  credi 
claimed  by  him  to  whom  opportunitj^  was  given. 

In  1856  Dr.  Edward  Hitchcock  came  once  more  to  the  front  througl 
the  medium  of  the  Smithsonian  Contributions  to  Knowledge  with  a 
paper  of  some  150  royal  quarto  pages  and  12  plates.     In  this  he  con- 

sidered  all  changes  which  had  taken  place  since  the 
Hitchcock**  close  of  the  Tertiary  period  as  beloncfinff  to  the  "allu- 

Ulo^rationt  of  '     V  ^     ». 

Surface  ocoioffy,       Vial  formation,''  and  due  to  causes  still  in  operation. 

The  products  of  these  changes  he  classed  as  (1)  drift 
unmodified  and  (2)  drift  modified,  under  the  latter  including  such 
deposits  as  beaches,  ancient  and  modern;  submarine  ridges;  sea  bot- 
toms; osars;  dunes;  terraces;  deltas,  and  moraines.  The  drift  proper 
he  regarded  as  a  product  of  "several  agencies — icebergs,  glaciers, 
landslips,  and  waves  of  translation" — which,  though  more  active  in 
the  past  than  now,  are  still  at  work.  The  sandy  and  gravelly  plains 
(the  overwash  of  modern  geologists)  and  the  low  ridges  of  New  Eng 
land  were  thought  to  represent  old  sea  bottoms,  to  be  "  explained  onlj 
by  the  former  presence  of  the  ocean  above  them,  with  itis  tides  anc 
currents."' 

The  terraces  of  the  Connecticut  River  were  (lescril)ed  in  great  detail 
with  numerous  roferences  to  those  of  other  regions,  both  at  homo  anc 
abroad.  T1h»  chief  agency  in  the  fonimtion  of  these  appeared  to  him 
and  rightly,  to  have  been  water.  Moraine  ternices,  however,  demandoi 
the  action  of  stranded  icebergs  in  addition.  To  account  for  the  drif 
accumulations  at  various  altitudes,  h(^  conceived  that  the  ocean  wate 
must  have  stood  some  2,5(M)  f(»et  above  its  present  level.  He  conceive 
further  "'that  all  the  northern  part  of  this  continent,  at  least  all  ea? 
of  the  Mississippi,  had  l)een  covered  by  the  ocean  since  the  glacii 
period,''  in  this  agreeing  with  Agassiz.  As  to  the  origin  of  the  mat( 
rial  of  the  '"irregular  coarse  deposit  beneath  the  modified  beaches  an 
terraces,"  he  agreed  (\ssentially  with  the  (7(»rman  gc^ologist,  Naumani 
in  supposing  that:  (1)  The  eroding  materials  must  have  been  comm 
nuted  stone;  (2)  they  nmst  have  been  l)orne  along  under  heavy  pre 
sure;  (3)  the  moving  force  nuist  have  operated  slowly  and  wit 
prodigious  (mergy,  and  (4)  moving  in  a  nearly  uniform  directioi 
though  liable  to  local  divergence;  (5)  the  vehicle  of  the  eroded  mat< 
rial  could  not  have  been  water  alone,  (♦>)  but  a  firm  and  heavy  niasj 
somewhat  })lastic.  ''Where,  now,  save  in  glaciers,  icebergs,  and  ic 
islands  can  we  find  agencies  that  meet  the  conditions  of  the  abov 
principles  res])ecting  drift f  The  exact  })erio(l  of  operation  of  th 
drift  agency  naturall}'  he  found  difficulty  in  determining.     He  fe 


.»» '* 
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,  that  while  the  greater  part  of  the  work  wan  accomplished  before  the 
continent  had  emerged  very  considerably  from  the  water,  nevertheless 
the  work  of  erosion  went  on  for  some  time  after  emergence  began. 

In  his  discussion  relative  to  traces  of  ancient  glaciers  he  called  atten- 
tion to  the  occurrence  of  two  series  of  striae,  differing  in  their  direc- 
tion, the  more  extensive  being  what  he  termed  '^  drift  strise,"  and  the 
second,  much  more  limited  in  extent,  '' glacial  strise,''  the  latter  being 
confined  to  the  valleys.  The  first  he  thought  due  to  aqueo-glacial 
causes;  the  last  to  glaciers  existing  earlier  than  the  drift.  Further 
investigation  brought  to  light  other  stria?  which  seemed  quite  as  recent 
as  any  caused  by  the  drift  agency,  and  he  confessed  to  a  feeling  of 
doubt  as  to  which  of  the  agencies  was  earliest.  "  Perhaps  there  were 
two  periods  of  glaciers,  one  before  and  one  subsequent  to  the  drift. 

The  facts  concerning  the  disj)ersion  of  bowlders  he  thought  could  be 
more  satisfactorily  explained  by  icebergs  than  by  glaciers,  since  this 
transportation  and  scattering  continued  till  after  the  time  when  a  large 
part  of  the  beaches  and  terraces  were  formed.  Glaciers  would  have 
plowed  tracks  through  stratified  deposit^s.  Icebergs  such  as  now 
traverse  the  Atlantic  might  carry  lx)wlders  over  the  beaches  and  ter- 
races and  drop  them  from  time  to  time,  forming  thus  the  intermixture 
of  coarse,  angular  blocks  and  beach  or  terrace  material  as  we  now  find 
it.  ''The  supposition  that  a  gla<der  once  existed  on  this  continent, 
wide  enough  to  reach  from  Newfoundland  to  the  Rocky  Mountains,  is 
the  grand  difficulty  in  the  way  of  the  glacial  theory.'"  (See  further 
on  p.  471.) 

The  illustrations  accompanying  this  paper  were  beautifully  exe- 
cuted, perhaps  the  best,  l>oth  those  in  color  and  in  black  and  white, 
that  had  thus  far  been  produced. 

A  second  work  of  Hitchcock,  published  this  same  year  and  needing 
a  brief  reference,  was  his  Geology  of  the  Globe,  a  small  octavo  volume 
of  136  pages,  6  plates  of  fossils,  and  2  colored  geological  maps,  one 
of  the  United  States  and  (>anada  and  one  of  the  world. 

The  source  of  inspiration  was  evidently  J^oue's  treatise  published 
under  the  auspices  of  the 'Geological  Society  of  France.     On  the  maps 
the  various  formations,  indicated  by  color,  were:  (1)  Hypozoic  and 
inetamorphic  strata,  with  granite,  syenite,  and  some  porphyries;  (2) 
Primary  fossiliferous  stmta  to  the  top  of  the  Carboniferous;  (3)  Sec- 
ondary strata;  (4)  Tertiary  strata;  (5)  Alluvial  deposits;  and  (6)  Vol- 
canoes and    igneous  rocks  of    the   Alluvial   and    Tertiar}^   periods. 
Comparatively  few  areas  are  left  uncolored — areas  scarcely  larger  than 
those  left  as  unknown  or  uncertain  on  the  map  published  in  1884  by 
the  official  survey  of  the  United  States.     When  one  thinks  of  this  he 
can  but  smile  at  the  naive  remark  of  the  author  when  referring  to  the 
coloring:  *'Nor  can  1  doubt  that  it  is  done  approximately  correct." 
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.Such  u  work  was  iiwcvMirily  iai^ly  a  compilation  and  containptl 
littltr  oritriiiul  mutter. 

.1,  D.  Dana,  in  an  article  On  tlie  Plan  of  DevelojMuent  in  Ibf  (ie^h 

logical  Ititit'iry  of  North  AnK-rica.  called  attention  to  the  fact  that  the 

greater  mount»iii  ranges  Iwrder  on  the  greater  oceans  in  both  Ameri- 

cas.  also  to  the  apparent  fact  that  volcanic  activity,  or 

Dcvdopaniaf  NorthHt  Ittist  the  evidence  of  the  action  of  heat.  wa*i  gwat- 
Awteriea.  ISM.  ,  ,  .        >      •  i 

est  along  the  coasts  Ivordering  on  the  greater  oceans. 

Assuming  that  the  typit^nl  form  of  a  continent  is  a  basin  with  bor- 
ders of  mountains  facings  the  o<^«ans.  »nd  the  heights  of  the  mountains 
and  volcanic  activity  arc  proportional  to  the  size  of  the  oceans,  and 
again  that  volcanoe.s  characterize  oceanic  islands  and  not  i-ontinenta) 
interiors,  he  showed  that  the  extent  and  position  of  weanic  depres- 
sions have  in  )i  great  degree  determined  the  features  of  the  land:  that 
oceanic  depression  and  continental  elevation  have  bolli 

I)H>en  in  progress  with  mutual  re^f.'tion  from  the  Itegiii- 
ning  of  the  earth's  refrigeration.    The  original  V-,shaped 
chara<-ter  of  the  N<irth  American  continent  be  showed 
to  }k  due  to  the  forces  u<-ting  fnmi  the  two  (K-eans. 
'■Contraction  was  the  power,  under  Divine  Direction, 
which  led  to  the  oscillations  of  the  crust,  the  varied  sue-  | 
(■(■ssions  in  the  strata,"    These  views,  it  will  ItcoliserviMl    I 
are  largely  in  aci-ordancc  with  those  advanced  in  lii^   J 
Wilkes  Kxploring  Kx|K'ditii)n  re]H)rt  in  L>41*.  I 

Prior  til  Ix.*!*;  the  age  of  llic  slates  of  llniiiitree.  Mil-   I 
sachusetts,  liud  l>eenpr(>bleniiitic!il.     Itv   ' 
pI;Ei^"M2"'M6     ""'>tff  the  geologists  of  the  time  tlipy    l 
had  been  considered  iis  Priman- or.  i«)v 
__    ^,__  ,  >ilily,  Traiisilioniil.      A  disliii.-t  iidvam-e  was.  therefore. 

.i..sui'i'-hBr!iiii".  marked  when,  a1  the  ,\ugnst,  185t!,  meeting  of  tlip  1 
Boston  Society  of  Natural  History,  Prof.  W.  R  Hojrci's  , 
lunioiinccd  (he  finding  in  these  slutes  of  trilobites,  later  identitiedas 
iK'longing  (o  Itarriihde's  Piinidoxidi's  nnd  perhap.s  identical  with 
(Ircen's  /'.i, ■•"/•>.>■>./..■<  /,.ir/-iii''.  whii-li  hud  l)een  described  from  u  speci- 
men, source  unknown,  in  the  caliinet  of  Mr.  Francis  Alger.  On 
preset!  I  lit  ion  of  this  evidence  liogers  felt  justitied  in  referring  the 
Hriiintn-e  slate-^  to  the  hori/ori  of  the  lowest  Paleozoic  group,  or 
about  the  levfl  of  the  Primal  nicks,  the  Potsdam  sandstone,  and  the 
Prol(tzoic  sandstone  of  Owen.  The  heds.  it  may  be  noted,  are,  in  the 
late-^t  edition  of  nanu's  Mnnnal  (IMt4).  referred  to  the  Middle  Cam- 
brian, ;uid.  therefore,  lie  I.elow  the  Potsdam. 

Willi  the  exception  of  the  papers  by  Dana  and  Couthouy,  scarcely 
anything  of  ronsei[nenee  on  the  suliject  of  corals,  geologically  con.sid- 
ered.  had  thus  far  apiM'ured  from  the  pen  of  an  American.  At  tbe 
meeting  of  the  .Viu<'ricini  Association  for  the  Advancement  of  8cience, 
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in  1857,  Joseph  Le  Conte,  then  professor  of  chemistry  and  geology 
in  the  University  of  South  Carolina,  made  his  first  appearance  in  the 

geological    arena,  with  a  paper,  subsequently   pub- 

CoSom^'^Vss?.  ^^^^^^  1"  ^^^  American  Journal  of  Science,  in  which  he 

argued  that  the  peninsula  of  Florida  owed  its  southern 
continuation  to  a  double  process  of  coral-reef  growth  and  sedimenta- 
tion from  the  Gulf  Stream.  It  was  his  idea  that  the  sediments  brought 
down  by  the  Mississippi  sank  to  a  depth  l>e\'ond  observation  before 
reaching  the  Keys,  but  were  gradually  deposited  along  the  inner  side 
of  the  curve  formed  by  the  current  as  it  passed  around  the  point. 
When  the  l)ottom  should  have  become  sufficiently  elevated  by  this 
process,  a  new  reef  would  l>egin  to  form.  This  process  he  thought  to 
have  gone  on  until  the  channel  had  become  narrowed  as  now,  and  the 
rush  of  water,  together  with  the  depth,  piiictically  precluded  further 
deposition.  Waves  throwing  broken  material  upon  the  beach(\s  would 
serve  to  fill  the  old  channels  and  convert  them  into  dry  land.  In  brief, 
"the  peninsula  and  Keys  of  Florida  have  been  the  result  of  the  com- 
bined action  of  at  least  three  agencies.  First,  the  Gulf  Stream  laid 
the  foundation;  upon  that  corals  built  up  to  the  water  level;  and, 
finallv,  the  work  was  completed  by  the  waves." 

LeConte  further  conceived  that  the  mte  of  flow  of  the  Gulf  Stream 
hhs  been  gradually  accelerated  by  the  narrowing  of  its  channel,  and 
hence  had  made  itself  manifest  at  a  greater  distance  into  the  Atlantic, 
thus  bringing  about  a  gradual  amelioration  of  the  climate  of  England. 

In  1855  the  first  State  geological  survey  of  Iowa  was  organized,  and 
Dr.  James  Hall  made  State  geologist.  The  organization  continued 
through  1858.     The  reports  of  the  survey  appeared  in  the  form  of 

two  octavo  volumes,  of  which  the  second  volume  was 

lull  •  Geolo|(lcal 

Survey  of  Iowa,        givcn  up  wholly  to  palcontology.     Hall  was  assisted 

in  this  survey  by  ,J.  D.  Whitney,  who  served  as 
chemist  and  mineralogist,  and  by  A.  H.  Worthen,  F.  B.  Meek,  and 
K.  P.  Whitfield. 

Hall  noted  the  rapid  westward  thinning  out  of  the  various  beds  of 
sedimentary  rocks,  including  those  of  the  Hudson  River,  Medina, 
Clinton,  Niagara,  and  Onondaga  salt  group,  and  Catskill  Mountain 
group,  and  made  the  following  comment: 

This  remarkable  fact  of  the  thinning  out  westerly  of  all  the  sedimentary  forma- 
tions points  to  a  caose  in  the  conditions  of  the  antrient  ot-ean,  and  the  currents  which 
transported  the  great  mass  of  material  along  certain  lines,  which  l)ecanie  the  lines 
of  greatest  accumulation  of  sediments,  and  consequently  present  the  greatest  thick- 
ness of  strata  at  the  present  time.  It  is  this  great  thickness  of  stnita,  whether  dis- 
turbed and  inclined  as  in  the  Green  and  White  mountains  and  the  Appalachians 
generally,  or  lying  horizontally  as  in  the  Catskill  Mountains,  that  gives  the  strong 
features  to  the  hilly  and  mountainous  country  of  the  Kast  and  which  gradually  dies 
out  as  we  go  westward  just  in  proportion  as  the  strata  become  attenuated. 
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Again,  with  reference  tx)  the  subdued  features  of  the  West, 
wrote: 

The  thickness  of  the  entire  series  of  sedimentary  rocks,  no  matter  how  much  dis- 
turbed and  denuded,  is  not  here  great  enough  to  produce  mountain  features. 

In  this,  it  will  be  observed,  is  given  the  gist  of  his  theory  of  moun- 
tain formation,  as  announced  two  years  later. 

Numerous  changes  in  nomenclature  and  important  correlations  were 
made,  or  at  least  attempted.  The  Lower  Magnesian  limestone  of 
Owen  he  considered  as  identical  with  the  Calciferous  of  New  York, 
and  gave  the  name  Galena  to  the  limestone  immediately  succeeding 
the  Trenton,  and  which  Owen  had  called  Upper  Magnesian.  The 
"Coralline  and  Upper  Pentamerus  beds  of  the  Upper  Magnesian 
limestone,"  of  Owen,  he  identified  as  Niagara,  and  proposed  the  name 
Leclaire  to  designate  a  gray  to  whitish  limestone  lying  next  above  the 
Niagara  and  found  outcropping  near  the  town  of  that  name.  The 
entire  series  of  Coal  Measure  rocks  he  showed  to  have  been  deposited 
after  the  disturbances  producing  the  low  folds  in  the  Silurian  rocks, 
illustrating  their  relative  position  by  the  section  here  reproduced. 

The  encrinital  group  of  Burlington  and  that  of  Hannilml,  Missouri, 
thought  by  D.  D.  Owen  to  be  distinct,  were  considered  by  Hall  to  b( 
identical.  The  entire  series  of  Carboniferous  limestones  were  regardec 
as  '*  successively  deposited  in  an  ocean,  the  limits  of  which  were  grad 
ually  contracted  upon  the  north  while  at  the  south  the  conditions  wer< 
becoming  more  and  more  favorable  to  the  development  of  this  kind  o 
deposition  and  to  the  support  of  the  fauna  which  abounded  throughou 
the  period,  until  both  culminated  in  the  great  limestone  formation  o 
Kaskaskia.     (The  Archimedes  limestone  of  Owen.) 

In  discussing  the  relationship  of  the  limestone  and  coal,  Hall  quote* 
from  his  report  on  the  geology  and  paleontolog}"  of  the  Mexica 
Boundary,  elsewhere  alhided  to.     With  reference  to  this  he  wrote: 

The  conditions  favorable  to  the  production  of  an  extensive  deponit  of  marine  li!n< 
stone  are  not  such  a.s  usually  accompany  the  j)ro(hiction  of  coal.  In  the  presci 
instance  the  ocean,  depositing  the  great  Hniestone  formations  jirevious  to  the  cos 
period,  occupied  to  a  great  extent  the  present  area  of  the  Coal  Mea-^ures  which  sm 
ceeded  in  the  valley  of  the  Mississij)pi.  *  *  *  We  ])egin  thus  to  comprehend  th 
truth,  that  during  the  period  of  the  great  coal  formations  of  the  West,  in  which  thes 
calcareous  deposits  were  in  course  of  formation — that  during  the  oscillations  whic 
we  know  to  have  occurre<l  throughout  the  coal  period  there  was  a  time  when  th 
whole  area  became  depressed  so  as  to  allow  the  waters  of  the  western  ocean  t 
flow  overall  the  Coal  Measure  region;  or,  at  least,  as  far  northward  and  eastwar 
a.s  the  northeavstem  part  of  Ohio,  and  from  hence  it  derived  the  limestone  unde 
consi<leration. 

The  series  of  beds  immediatel}'  underlying  the  Carboniferous  rock 
at  Burlington,  and  now  considered  as  Kinderliook  (sub-Carboniferous] 
Hall  relegated  to  the  Chemung;  this  proved  to  be  an  error,  and  on 
that  it  re(|uired  many  years  t-o  eradicate. 
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It  was  noted  that  the  Potsdam  sandstone  seemed  likely  to  be  found 
strongly  developed  in  the  Rocky  Mountain  region. 

Subsequent  to  this  period,  however,  every  sedimentary  formation  indicates  the 
proximity  of  land  on  the  east.  The  great  thickness  of  strata,  coarse  materials,  and 
Duiueroas  fucoids  of  the  Hudson  River  group  in  its  eastern  extension  indicate  prox- 
imity to  land,  or  the  course  of  strong  currents,  while  in  the  west  the  formation  dies 
out  in  some  inconspicuous  fine  shaly  and  calcareous  beds,  which,  both  in  nature  and 
condition  of  the  material  and  in  the  fossil  contents,  indicate  great  distance  from  land 
and  a  quiet  ocean,  o 

Hall  took  the  ground  that  the  treeless  character  of  the  prairies  was 
due  mainly  to  the  character  of  the  soil,  and  inferred,  on  what  seemed 


«The  volumes  of  this  work  now  in  the  library  of  the  National  Museum  were  the 
personal  property  of  F.  B.  Meek,  and  many  of  the  statements  made  by  Hall  are  sav- 
agely criticised  by  the  former  in  marginal  notes.  Thus,  with  reference  to  Hall's 
statements  as  to  the  Potsdam,  Meek  notes:  "It  was  quite  safe  for  him  to  make  this 
prediction,  when  he  knew  at  tlie  time  he  was  writing  it,  I  had  identified  Potsdam 
foesils  in  Hayden's  collections  from  the  Black  Hills.  These  fossils  were  then  in  Pro- 
fessor Hall's  house — he  had  seen  them  and  heard  me  say  I  regarded  them  as  Potsdam 
species." 

Still  jealous  of  his  discoveries  of  supposed  Permian  fossils  in  the  West,  Meek  also 
bitterly  criticised  HaiPs  reference  to  the  occurrence  of  Pennian  and  Jurassic  rocks  in 
the  Rocky  Mountain  region,  and  added  in  the  margin:  "This  was  all  intended  to 
bear  the  date  of  1857,  although  every  word  of  it  was  written  after  the  publication  of 
our  (i.  e..  Meek  and  Hayden)  Permian  and  Jurassic  discoveries  in  1858." 

Again  on  page  142,  Hall  stated:  "In  the  early  part  of  1857  Mr.  Worthen  placed 
in  the  hands  of  tlie  writer  some  peimliar  fossils  collected  several  years  since  in 
Illinois  and  supposed  to  be  from  the  Coal  Measures.  These,  however,  were  at  once 
recognized  as  of  peculiar  forms,  differing  from  Coal-Measure  fossils,  and  a  farther 
examination  proves  them  to  be  of  Permian  types,  and  closely  allied  to  British 
species."  To  this  statement  Meek  has  adde<l  the  following  marginal  note:  "At  the 
time  he  obtained  these  fossils  from  Mr.  W.  he  told  Mr.  W.  he  regarded  them  as 
lower  Cretaceous  forms."  Also  "If  he  had  stated  when  this  Mater'  examination 
was  made,  it  would  have  been  all  right;  but  he  leaves  it  to  be  inferred  that  it  was 
sometime  in  1857,  when,  in  fact,  it  was  not  until  after  the  publication  of  our  pajHjr 
on  the  Kansas  fossils  on  the  2nd  of  March,  1858;  and  yet  he  intended  at  that  time 
that  this  report  should  bear  the  date  of  1857." 

On  page  144  Hall  suggested  the  probability  of  finding  in  the  West  beds  of  the  age  of 
the  Jura  or  Oolite  of  Europe.  To  this  Meek  has  added  the  following:  "  How  wonder- 
fully sagacious  he  was  to  make  this  prediction,  when  he  knew  we  had  Jurassic  fossils 
then  in  his  house  (which  he  had  seen)  from  the  Black  Hills,  Nebraska!  Yet  what 
is  here  written  is  intended  to  date  in  1857." 

Again,  Hall  says:  "Thus  far  the  collections  made  in  the  explorations  across  this 
western  country  have  brought  us  no  true  Jurassic  fossils,  and  it  is  only  in  the  far 
north  and  upon  the  Pacific  coast,  as  well  also  as  in  the  southern  extremity  of  the 
continent,  that  we  have  the  evidences  of  the  existence  of  these  roc^ks  l)el()w  the  Cre- 
taceous formation."  To  which  Meek  appended  the  following:  "At  the  very  time 
when  Professor  Hall  wrote  those  words  some  of  Doctor  Hayden' s  Jurassic  fossils  from 
the  Black  Hills  were  lying  in  a  tray  within  fifteen  feet  of  him,  in  an  adjoining  room. 
I  had  called  his  attention  to  them  and  told  him  I  was  satisfied  thev  must  l)e  Jurassic 
fonns." 

It  is  the  old  story  of  jealousy  and  heartburning  (warranted  in  this  vase^  it  may  Ije) 
which  seemfl  an  almost  invariable  outcome  of  any  attempt  at  mutual  col lalx> ration. 
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to  liiui  to  be  reasonable  grounds,  that  the  soil  itself  originated  in  form 
of  an  ahnost  impalpable  sediment,  wliieh  gradually'  aeeumiilated  on 
the  bottom  of  an  immense  lake  which  once  occupied  the  region. 

Hall,  as  already  noted,  was  assisted  in  his  work  on  the  geological 
surve}"  of  Iowa  by  J.  1).  Whitney,  who  served  as  chemist  and  miner- 
alogist.    A  good  deal  of  attention  was  given  by  Whitney  to  the  chem- 
ical nature  of  the  coals  and  the  distribution  and  mode 
Iowa "f?58.^*^'^'' *"    ^f  occurrence  of  the  lead  and  zinc  ores.     There  was, 

hownner,  very  little  of  a  theoretical  nature,  and  spec*u- 
lations  regarding  the  origin  of  the  ores  were  almost  entirely  lacking. 
He  regarded  the  iron  ore  of  Jackson  jis  having  originated,  in  some 
instances  at  lea^t,  through  the  decomposition  of  nodules  of  iron  pyrites 
which  are  distributed  irregularly  through  the  rock.  In  other  ceases  he 
thought  it  to  be  a  deposit  from  springs,  the  original  material,  how- 
ever, having  been  derived  from  the  decomposition  of  pyrite,  as  before. 

Considerable  attention  was  naturally  given  to  the  lead  and  zinc  ores. 
He  noted  that  where  the  (ialena  limestone  had  a  maxinmm  thickness, 
the  lead  deposits  were  limited  to  the  central  and  lower  portions  of  the 
rock,  and  never  penetrated  the  Blue  limestone,  and  he  had  satisfied 
himself  that,  in  a  great  majority  of  cases  at  least,  the  depOvsits  diminished 
in  productiveness  rapidly  after  passing  below  a  limit  perhaps  fifty 
feet  above  the  base  of  th(^  (ralena.  When,  however,  the  Galena  lime- 
stone was  (liminish(»d  in  thickness,  he  noted  that  the  lead  deposits  were 
found  in  lower  and  low(  r  positions  until,  at  last,  the  bottom  of  the 
Blue  liniestoiH^  was  reached,  where  the  r])per  sandstone  entirely  cut 
oti*  tlu^  ore,  tlu^rc  having  never  been  a  single  instance,  so  far  as  he  had 
ascertained,  in  which  a  cnnice  had  been  worked  in  that  rock. 

He  found  reason,  therefore,  to  differ  somewhat  with  Owen  in  his    I 
statement  to  the  etfect  that  when  a  mine  was  sunk  through  the  CUtf 
to  the   Blue   limestone   l>eiieatli,  the    lodes  shrank  to  insigniticanco,  lis    1 
considcM'ablc  deposits  of  ore  had   been  worked  in  the   Blue  limestone, 
though  hy  far  the  hirg(M-  j)ortion  of  the  lead  of  the  upper  mines  came 
from  the  lead-beariiiijf  rock. 

As  to  the  possibility  of  the  lead-])earing  crevices  extending  down- 
ward indetinitely  and  the  j)r()l)ability  of  deep  mining  ever  being  likely 
to  provi*  j)r()lital)le,  Whitney  wrote,  ''The  (juestion  can  })e  answered 
unhesitatiindv  in  the  ne<^ati\e/'  and  went  on  to  state  that  tlu»  most 
profitable  method  of  niining  will  be  in  the  form  of  horizontal  excava- 
tions or  drifts  and  not  ])v  means  of  \ertical  shafts. 

The  Iowa  h^ad  deposits,  it  should  be  noted,  he  regarded  as  occurring 
in  gash  veins.  TIk^  mineral  deposits  of  the  Northwest  in  genei'al  were 
classified  under  the  heads  of  surface  tieposits,  vertical  crevices,  and  flat 
sheets,  as  in  his  work  on  the  metallic  wealth  of  the  United  States 
(p.  4:-)N). 

Pei'haps  the  most  peculiar  idea  advanccMl  by  Whitney  in  any  part 
of  his  report  is  that  r(»garding  the  oiigin  of  the  siliceous  mat tvr  of  the 
Potsdnin  sandstone. 
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t  haa  Ixjen  gt'nerally  a!^unie<l  that  siirh  siindstoneij  wore  originally  formed  V>y 
rhanic^I  agencies,  the  material  l>eing  supposed  to  have  gradually  accumulated 
in  the  grinding  down  of  previously  existing  <juartzo8e  roirks.  The  facts  colle(;ted, 
wever,  sjeem  rather  to  iioint  to  chemicul  than  mechanical  causes.  *  *  *  We 
I  hardly  understand  how  such  an  amount  of  (juartzose  sand  could  have  been  accu- 
ilated  without  its  containing  at  the  same  time  a  considerable  quantity  of  detritus, 
lich  could  Ix^  recognized  ivs  having  come  Ironj  the  destruction  of  the  schistose, 
dspath,  and  trappean  riK'ks,  which  make  up  the  larger  portion  of  the  Azoic  series 
lerever  it  has  been  examined.  The  uniform  size  of  the  grains  of  which  the  sand- 
me  is  comi>osed  and  the  tendency  to  the  development  of  crystalline  facets  in  them 
e  additional  (^cts  which  suggest  the  ideii  of  chemical  precipitation  rather  than  of 
Bchanical  accumulaticm.'' 

In  1850  Prof.  Edward  Hitchcock  was  appointed  State  fjeologist  of 
ennont,  and  continued  to  .serve  until  18(50,  at  w^hich  time  he  submitted 
s  final  report,  which  appeared  in  1861  in  the  form  of  two  quarto  vol- 
umes of  982  psiges,  accompanied  l)y  a  colored  geologf- 
oiosy  of  Vermont,  ical  map  of  the  State,  two  maps  showing  the  terraces 

and  l)eiiches,  and  85  plates  of  scenerv,  fossils,  sections, 
c.  Hitchcock  was  assisted  in  the  work  hv  his  sons,  Edward  Hitch- 
Kik,  jr.,  and  C.  H.  Hitchcock,  and  by  Albert  I).  Hager,  in  whose 
large  was  placed  the  final  publication  of  the  work. 
The  main  objects  of  the  survey,  as  outlined  in  the  introduction,  were 
•st,  to  gain  such  a  knowledge  of  the  solid  rocks  of  the  State  as  to  be 
>le  to  delineate  them  upon  maps  and  sections;  second,  to  study  the 
ose  deposits  h'ing  upon  the  solid  rocks  and  trace  out  the  changes 
hich  the  surface  of  the  State  had  undergone;  third,  to  collect,  arrange, 
id  name  specimens  of  rocks,  minerals,  and  fossils  from  every  part  of 
le  State  for  the  State  cabinet;  fourth,  to  obtain  a  full  collection,  for 
le  same  cabinet,  of  specimens  valuable  from  an  economic  standpoint; 
id  fifth,  to  identif}'  the  metamorphosed  rocks  of  the  State  with  those 
hich  had  not  l)een  thus  changed. 

The  systematic  geology  was  in  immediate  charge  of  Professor 
jtchcock,  though  aided  by  C.  B.  Adams,  Zadock  Thompson,  A.  1). 
ager,  and  C.  H.  Hitchcock.  The  economic  geology  was  in  charge 
F  Hager,  and  the  chemistr}-,  of  C  H.  Hitchcock.  The  Rev.  S.  H. 
all  aided  in  the  preparation  of  a  report  on  thc^  northern  part  of  the 
tate  and  its  agricultural  possibiliti(»s.  The  pal(»ontological  work  was 
)ne  by  James  Hall,  and  the  paleobotjinical  by  Lesquereux.  Hitch- 
)ck  recognized  at  this  date  that  each  rock  formation  w-as  character* 
ed  by  its  peculiar  group  of  fossils  not  found  in  any  other;  so  that  a 
ileontologist,  on  seeing  a  specimen,  could  usuallv  tell  from  which  of 

"The  explanation  of  this  error  lies  in  the  fact  that  the  grains  of  which  thin  sainl- 
>ne  is  made  up  have  bc^en  cementeil  hy  a  secondary  deposition  of  interstitial 
i(ra,  so  tleposited  a.s  to  convert  each  j^ranule  into  a  more  or  less  jK-rfect  crystal,  of 
lich  the  original  sand  grain  forms  the  nucleus.  It  is  a  case  of  secondary  trrowtli 
d  enlargement,  a  phenomenon  now  well  known  to  every  pctrographcr,  hut 
tdreamed  of  at  the  time  of  Whitney's  writing. 
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.the  8erios  it  came,  thus  indicating  a  great  advance  over  any  of  his  pT«- 
vious  reports. 

His  views  on  metamorpbism  and  the  production  of  schistose  and' 
slaty  cleavage  were  still,  however,  in  an  immature  state.  It  is  to  be 
noted,  however,  that  all  through  his  work  he  is  far  from  being  dog- 
matic, usually  contenting  himself  with  a  discussion  of,  and  full  quota- 
tions from,  the  expressed  opinions  of  others,  stating  his  reasons  for 
adopting  or  rejecting  any  one,  as  the  case  may  have  been. 

Referring  to  the  agencies  of  metamorpbism,  and  particularly  the 
chemical  changes  involved  in  the  ^^  transfer  of  ingredients  from  one 
part  of  a  mass  to  another,"  he  wrote:  "We  know  of  no  other  agency 
by  which  this  could  Ije  prcKluced,  except  b^-  galvanism."  To  the  same 
agency  he  would  ascribe  the  production  of  cleavage,  foliation,  and 
joints.  He  nevertheless  recognized  the  possibility  of  the  metamor- 
pbism of  sediments  through  pressure,  and  dwelt  in  considerable  detail 
upon  the  elongation  and  flattening  of  pebbles  in  the  conglomerates 
near  Newport,  Rhode  Island.  The  jointing  of  rocks  in  these  conglom- 
erates he  regarded,  as  already  stated,  as  due  "to  some  polar  force  such 
as  heat  or  galvanism.  Mere  shrinkage  could  not  have  separated  the 
pebblas  so  smoothly,  much  less  could  a  sti*ain  from  beneath  have  thus 
fractured  them.  *  *  *  a.  mere  inspection  of  the  rock  in  place  will 
satisfy  anyone  that  no  mechanical  agency  is  suflScient  to  explain  these 
phenomena."  Yet  to-day  "mere  inspection"  will  satisfy  anyone  that 
mechanical  ageiicv  is  amply  sufficient.     (See  also  p.  510.) 

Ho  regarded  feldspar  in  all  of  the  crystalline  rocks  as  the  result  of 
*i  process  of  metaniorphisni: 

SilicAtos  probably  furnisbed  the  inpredionts,  which,  l»ein|r  ubstraoteil  by  hot  water, 
left  the  ext'€%^s  of  wilira  in  the  form  of  (]imrtz,  and  fornie<l  the  feldnpjir  and  niira  t<> 
fill  iii>  the  intersti«H's.  Tlie  feldspar,  whicli  has  eonverted  the  (anient  into  piiei«', 
could  have  no  other  origin,  and  this  fact,  in  conne<'ti<m  with  all  the  rest  which  have 
iH'en  adduced,  forces  a  j)reHuniption  that  fehlspar  in  nearly  all  the  crystalline  nx'ts 
stratified  and  unstratilie<i,  is  a  product  of  nietaniorphisni. 

Further  on,  he  wrote: 

Metamorpbism  furnishes  the  most  plausible  tluK>ry  of  the  origin  of  the  Azoio 
stratifu'd  rocks,  whifb  are  mica,  tal<!,  and  hornlilende  schists,  gneiss,  seri>entims 
white  limestone*,  etc.,  such  jis  cover  a  large  part  of  Vermont. 

He  recotriiized  at  this  time  the  influence  of  water  as  an  essential 
constituent  of  the  tni])pean  rocks,  since  the  intrusion  of  the  matoriHK 
often  in  thin  sbeets  scarcely  thicker  than  writing  paper,  could  not  1m' 
explained  on  the  theory  of  fusion  from  dry  heat  nlone.  *•*  By  niCAn?* 
of  water  the  materials  could  he  introduced  wherever  that  suhstHiico 
could  penetmte/' 

His  ideas  concerning  the  origin  of  the  drift  had  been  considerably 
modified  since  his  earlier  reports,  though  he  was  not  as  yet  willing  to 
accept  the  theory  of  a  continental  ice  sheet.     Thus: 
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(Ve  have  no  doubt  that  a  part  of  what  we  call  drift  phenomena  in  New  England 
jj  produce<l  by  glaciers  such  as  we  have  described  as  once  connected  with  the 
een  Mountain  range.  But  the  main  features  of  drift  we  impute  to  icebergs  and 
floes  as  the  continent  was  gradually  sinking  beneath  the  ocean. 

He  thought,  too,  to  have  found  evidence  that  the  continent  went 
wn  to  a  depth  of  something  like  2,000  feet,  and  as  some  of  the  ice- 
rgs  in  the  Atlantic  have  been  estimated  as  extending  2,500  feet 
low  the  surface,  he  argued  that  the  effects  of  such  could  not  be  dis- 
guished  from  those  of  glaciers.  Indeed,  the  idea  of  a  continental 
!  sheet  was  still  beyond  his  comprehension,  and  his  chief  arguments 
ainst  the  glacial  origin  of  much  of  the  drift  was  based  upon  the  fact 
it  all  known  glaciers  are  confined  to  vallej^s;  and,  moreover,  that 
?re  was  no  known  glacier  more  than  50  or  60  miles  wide,  "whereas 
e  ancient  American  glacier  must  have  been  at  least  2,500  miles  wide 
d  have  spread  over  all  the  mountains  as  well  as  valleys,  and  often 
ve  been  obliged  to  move  uphill  as  well  as  over  a  level  surface.'' 
le  three  prominent  directions  of  the  drift  were  to  him  also  arguments 
[ainst  the  ice  sheet.  These  were  essentially  the  ideas  advanced  in 
s  Surface  Geology  (p.  462). 

On  lithological  grounds  the  alluvial  deposits  were  classified  as  (1) 
ift  and  (2)  modified  drift,  and  on  chronological  grounds  into  four 
jriods,  in  each  of  which  the  continent  was  differently  situated  in 
«pect  to  the  level  of  the  ocean.  These  were,  first,  the  drift  period, 
hen  the  continent  was  under  water  at  its  greatest  depth;  second,  the 
iach  period,  when  it  began  to  emerge;  third,  the  terrace  period, 
hen  the  continent  rose  to  nearly  its  present  situation;  and,  fourth, 
e  historic  or  present  period.     The  phenomena  of  the  modified  drift 

terraces  and  beaches  were  worked  out  in  detail  in  this  report  by 

H.  Hitchcock. 

In  the  chapter  on  h}' pozoic  and  paleozoic  rocks  Hitchcock  expressed 
e  belief  that  the  rocks  of  Vermont  have  been  thrown  into  a  succes- 
3n  of  folds  while  in  a  semiplastic  condition  by  a  force  from  the 
lection  of  the  Atlantic,  and  that  their  crests  have  been  subsequently 
^nuded,  some  10,000  vertical  feet  having,  it  was  estimated,  disap- 
'ared  from  the  surface  of  the  Shelburne  anticline.  The  strata  of 
ose  folds  with  westerly  dips,  on  the  western  side  of  the  anticlines, 
;  regarded  as  occupying  a  normal  position;  while  those  with  easterly 
ps,  on  the  eastern  side,  had  been  inverted,  so  that,  as  he  expressed 
,  *' though  we  cross  an  uninterrupted  succession  of  easterly  dips  in 
)ing  eastward  we  can  not  infer  that  we  are  constantly'  meeting  with 
der  and  older  rocks,  and  therefore  that  mere  superposition  would 
)t  justify  one  in  deciding  upon  their  relative  ages.'' 
Concerning  the  position  of  the  much-disputed  red-sand  rock,  Hitch- 
K-k  remarked  that  without  an  exception  it  rested  upon  the  Hudson 
iver  group,  and  the  stratigraphical  evidence  showed  it  to  be  of  the 


i 
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age  of  the  Medina  .sandstone  or  Oneida  conglomerate.  In  this  he  was 
in  error,  the  red-sand  rock  being  now  universally  conceded  as  belong- 
ing to  the  Lower  Cambrian.  He  also  regarded  the  black  slate  beneath 
the  red-sand  rock  as  belonging  to  the  Hudson  River  group,  although 
Emmons  had  regarded  it  as  Taconic  and  thought  to  recognize  a  Pot**- 
dam  sandstone  in  the  vicinity  of  Whitehall,  in  this  respect  antagoniz- 
ing the  views  of  Adams,  as  announced  in  his  second  report. 

The  name  ^]olian  limestone  was  given  to  the  marble  l>eds  of  Dorset 
Mountain,  which  had  been  renamed  Mount  ^IColius.  Its  exact  geolog- 
ical position  was  not  determined,  although  it  was  thought  that  it  might 
be  as  new  as  the  Carboniferous. 

Hitchcock  was  inclined  to  side  with  Emmons  in  the  Taconic  contro- 
vers}^,  on  the  ground  that  the  rocks  were  physically  unlike  the  Lower 
Silurian  which  they  underlay  and  differed  in  the  character  of  their 
organic?  remains.  The  thickness  of  these  Taconic  rocks  he  estimated 
to  be  not  less  than  25,000  feet. 

The  clay  slate  directly  overlying  the  calciferous  mic^  schist  was 
thought  to  be  probably  of  Devonian  age.  The  calciferous  mica  schist 
itself  was  regarded  as  having  been  originalh'  a  limestone  formation 
charged  with  a  good  deal  of  silex  and  with  perhaps  silicates  and 
organic  matter,  a  great  deal  of  the  carbonate  of  lime  having  l)een 
abstnicted  bv  carbonated  water  and  the  rock,  conveiled  bv  metaiiior- 
phism  into  a  schist. 

The  nuniorous  hods  of  serpentine  which  were  found  in  the  State 
limits  wen*  regiinlcd  as  having  been  derived  mainly  from  beds  of  horn- 
blende schist  juid  dioritc.  Much  of  the  granite  of  the  State  was  con- 
sidered as  being  as  rcHcut,  at  least,  as  the  Devonian  period. 

It  seems  almost  extniordinarv  that,  even  at  this  date,  there  wore 
believcMl  by  Ilitclicock,  as  well  as  bv  others,  to  ))e  manv  well-authen- 
tieat(Ml  instances  on  record  in  which  toads,  snakes,  and  lizards  had  l»een 
found  alive  in  the  solid  parts  of  living  trees  and  in  solid  rocks,  as  well 
as  in  gravi'l  d(M'])  IxMu^ath  the  surface.  In  these  cases  it  was  assumed 
that  the  animals  '' und()u])te(lly  cn^pt  into  such  places  while  youiijr. 
and,  after  havinir  grown,  could  not  get  out.  Being  very  t(»naci(>us  of 
lif(*  and  probably  obtaining  some  nourishment  occasionally  i>y  seizinjT 
uj)()n  insects  that  might  ci'awl  into  their  nidus,  they  might  sometimes 
continue  ali\e  cvimi  after  manv  V(Mirs.'' 

Tnch'r  date  of  March,  lsr>7,  an  act  of  the  Wisconsin  leirislature 
provided  foi"  a  geological  and  agricultural  survey  of  the  State,  which 
was  to  be  under  the  j(»int  control  of  James  Hall,  Kzra  S.  (  arr,  and 
(ieoioKicai  Surveys  Hdwanl  Daniels.  This  joint  leadcM'ship  seemed.  how- 
Han  !'c«"rr*'rnd"'*^'^  ever,  to  have  ])rov(Mi  unsatisfactory,  and  by  a  si'cond 
nanieis.  1857.  .^.^   a])])roved  April  l\  isr)0.  .lames  Hall  was  a}>])ointed 

piincipal  to  ilie  coinini^sjon.     This  last  organization  ])roved  also  to  i»«* 
sliort-lix  etl,   the    survey   being    di^continueil    in    lM«;i>,  the  legislatiu'f 
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^oing  SO  far  as  to  refuse  to  refund  to  Hall  the  money  actually 
ded  b}^  him  for  the  purpose  of  fche  survey  or  to  pay  for  his  own 
es.  Under  Hall's  brief  administration  Whitney,  who  h^d  served 
ke  capacity  in  Iowa,  was  emploj^ed  to  complete  the  work  on  the 
•egion  and  Charles  Whittlesey  to  study  the  regions  lying  on 
?st  side  of  the  Menomonee  River  and  the  iron  region  of  Lake 
ior. 

ingle  royal  octavo  volume  of  455  pages  and  9  plates,  a  colored 
(ical  map  of  the  lead  region,  and  a  diagram  showing  the  position 
'■  ore  crevices,  appeared  in  18(52  as  a  result  of  this  organization, 
his  Hall  repeated  his  attempts  at  correlation  of  the  western  with 
stern  formations.  In  addition  he  called  attention  to  the  driftless 
f  the  State,  and  to  the  fact  that,  over  the  whole  area  south  of  the 
msin  River,  the  Galena  limestone  and.  a  portion  of  the  underhing 
imestone  had  been  removed  by  decomposition  and  solution  to  a 
of  some  350  to. 400  vertical  feet. 

itney,  in  his  report  on  the  lead-bearing  region  showed,  as  in  his 
)us  work  (p.  468),  that  the  lead-bearing  fissures  of  the  Northwest 
limited  to  one  set  of  strata,  and  that  there  are  but  rarely  an}' 
ices  of  dislocation  of  the  strata  or  faults.  Hence,  he  was  forced 
conclusion  that  the  ore-lK»4iring  crevices  originated  through  the 
of  some  local  cause  or  forces  which  were  limited  in  their  field 
ion  to  a  comparatively  narrow  vertical  range.  In  short,  he  con- 
1  the  lead-bearing  fissures  to  have  been  originally  doseh'  allied 
at  are  called  joints.  How  far  shrinkage  and  cr^'stalline  a(*tion 
lave  been  concerned  in  tlie  production  of  these  joints,  he  was 
3  to  say,  but  "It  will  be  sufficient  at  this  time  to  recognize  the 
hat  either  or  both  these  causes  united  would  have  produced  a 
n  in  the  mass  of  rock  which  would  lead  to  the  production  of  fis- 
in  two  different  directions."'  He  felt,  further,  that  the  direction 
J  fissures  might  have  been  influenced,  if  not  absolutely  deter- 
,  by  an  elevatory  movement  of  the  region  in  which  they  are 
)ped. 

looked  upon  these  veins  as  having  been  filled  from  above,  the 
IS  metals  having  been  in  solution  as  sulphates  in  oceanic  water 
time  of  the  deposition  of  the  lead-bearing  strata,  the  precipita- 
s  sulphides  being  brought  about  through  the  agency  of  sulphu- 
hydrogen  gas,  which  was  liberated  by  the  decomposing  organic 
r.  This  is  substantiallv  the  view  held  bv  most  authorities  to-dav. 
ought,  further,  to  recognize  a  general  law  connecting  the  lack  of 
al  deposits  in  the  non  fossil  if  erous  strata  with  their  abundance  in 
containing  organic  n^mains.  As  in  his  previous  work  (Metallic 
h  of  United  States,  p.  438),  he  differed  with  both  Daniels  and 
as  to  the  metalliferous  chaiucter  of  the  lower  magnesian  rocks. 
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thinkiug  it  quite  improbable  that  they  would  be  found  sufficiently  rich 

in  ores  to  be  worked  economical!}'. 
Whatever  may  have  been  Richard  Owen's  powers  as  a  thinker  or 

teacher,  his   key  to   the  Geology  of   the  Globe,  published  in  1857 

when  professor  of  geology  and  chemistry  in  the  University  of  Ten- 
nessee, is  beyond   question    the   most  extraordinary 

Qeotoffyoftheoiobe,  travcst}'  on  gcology  and  geological  methods  of  deduc- 
tion that  has  ever  emanated  from  the  American  press. 

The  fundamental  idea  seems  to  have  been  that  there  are  analogies 

between  organic  and  world  development. 

Our  planet,  perhaps,  typifies  an  ovule  from  the  solar  matrix.  In  its  earlier  igne- 
ous chaotic  state  it  bore  analogy  to  the  yet  undeveloped  amorphous  stnicture  of 
vejijetable  ovules  and  the  animal  ovum.  Like  them,  it  had  at  an  early  period  a 
nucleus,  on  which  after  a  time  air  and  moisture  deposited  additional  materials, 
derived  from  the  matrix.  At  a  later  i)eriod  yet  a  part  of  these  same  materials  were 
ciirried  in  mechanical  mixture,  partly  in  chemical  solution,  to  promote  the  develop- 
ment of  later  formations,  forming  new  continents,  etc.,  just  as  a  portion  of  the  seed 
(the  albumen)  and  the  foodyolk  of  the  egg  go  to  nourish  the  expanding  germ. 

The. separation  of  continents  typifies  the  propagation  of  offshoots,  or  artificially  by 
(Sittings  in  plants, and  seems  to  resemble  the  fissiparous  mode  of  reprotiuction  ohserNed 
among  the  lowest  animals.  In  some  of  the  earlier  cataclysms  we  have  the  type  of 
the  ruptured  Graafian  vesicles,  while  at  a  final  convulsive  deluge,  the  period  when 
the  Western  Continent  and  Australia  were  detached,  and  when  possibly  the  moon 
as  a  terrestrial  ovule  was  thrown  into  space,  we  readily'  recognize  the  type  of  rup- 
tured i)ericarpal  dissemination  of  see<l  in  the  vegetable  world,  of  completed  iiicnlM- 
tion  and  parturition  in  tlie  animal  kingdom.     *    *    * 

It  is  by  no  means  contciHlcd  that  this  earth  is  a  monstrous  organism,  with  all  the 
parts  and  properties  of  a  plant  or  animal;  but  simply  that  in  it  we  have  everythin;; 
developed  according  to  the  same  laws  and  plan  pervading  the  rest  of  creation;  that 
in  it  we  see  foresbadowe<l  the  typ<*  oi  those  future  forma  and  changes  which  orgiinio 
bodies  undergo  by  the  assimilation  ni  these  very  inorganic  materials. 

The  idea  underlyint^  jill  th(»se  ^^onenilizjition.s,  which  the  author 
chiimed  to  have  gained  while  .studyiiitif  sundrv  maps  spread  out  on  the 
floor  of  a  vacant  room,  in  orcU'r  to  place  hc^fore  his  chisses  '•some  trroat 
principles  of  t^euoralization,"'  is  that  the  '*  formations  of  the  western 
continent  corresponded  in  many  respects  to  those  in  the  eastern" 
*  *  *  and  "'that  they  must  have  been  detached  at  some  period 
from  each  other." 

He  conceived  that  ''  the  earth  in  home  of  its  former  trcoloi^ical  epoclij^ 
occupied  a  smaller  volume  than  l)efore  the  wlioie  of  the  })resent  super- 
ficies emertred  from  the  ocean  and  than  it  did  !)efore  some  of  the  later 
successive  layers  were  deposited  on  tiie  earlier  formations.''     Further, 
that  the  original  internal  micleus  of  the  earth  was  of  the  form  of  a  cube 
or  spherical  tetrahedron,  and  that  the  rocks  of  the  diU'erent  successive 
j^eoloji^ical  periods  will  h(»  found   less  and  less  dense  in  structure  as 
they  leave  the  north  pole  and  approach  the  ecjuator.      When  these 
l)edH  were  upheaved,  ''the  edges  of  the  formations  appear  to  have  been 
brougfht  to  the  surface  along  concentric  lines,  which  are  parts  of  fj^reat 
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arches  intersecting  each  other  in  such  a  manner  as  to  form  equilateral 
spherical  triangles  on  the  earth's  surface,  each  angle  or  intersection 
being  equidistant  from  our  present  north  pole."  The  distribution  of 
coal,  the  metuls,  and  other  mineral  products  he  conceived  to  correspond 
■with  the  lines  marking  these  spherical  triangles. 

The  forces  which  acted  in  separating  the  planes  above  described  were 
fla[q>08ed  to  have  originated  from  the  internal  fluid,  materials  being 
thrown  into  periodical  waves  by  the  attraction  of  the  sun  and  moon, 
creating  thereby  electrical  disturbances,  etc.  Indeed,  the  entire  eailh 
he  seemed  to  regard  as  a  gigantic  magnet,  made  ?o  by  the  beat  of 
the  sun. 

Before  this  separation  took  place  the  layers  composing  the  South 
American  continent  he  supposed  to  luive  rested  on  the  layers  of  sub- 
merged Africa,  Australia  to  have  been  superimposed  upon  Arabia,  and 
North  America  over  a  portion  of  Europe. 

Owen  further  called  attention  to  the  fact  that,  if  tlie  north  pole 
Were  elevated  23^="  above  the  horizon  and 
the  globe  then  revolved  the  western  coast 
lines  of  the  chief  continental  nia.sses  would 
be  brought  successively  to  the  horizon,  prov- 
ing their  parallelism;  if  depressed  to  a  simi- 
lar extent  the  parallelism  of  the  eastern 
ioafit«  would  he  similarly  proven.  In  other 
words,  he  showed  that  the  coast  Iine.s  of  the 
sontinents,  as  well  as  of  many  of  the  islands, 
tended  to  conform  to  the  axis  of  the  ecliptic, 
and  he  regarded  this  angular  distance  of 
'23f',  which  marks  the  northwaiil  extension 
of  the  sun  in  summer,  as  a  natural  unit  of 
measure  in  the  structure  of  the  earth.  _ 

The  book  contained  a  large  amount  of 
utterly  irrelevant  matter,  and  the  al>ove  idea  and  that  relating  to  tlie 
po«sihle  tetrahedral  form  of  the  earth,  previously  referred  to,  are  the 
only  ones  put  forward  in  the  work  that  are  to-day  worthy  of  consider- 
ation. The  book,  as  a  whole,  can  but  impress  one  as  the  work  of  a 
dreamer,  and  particularly  so  when  one  considers  also  the  amount  of 
irrelevant  matter  brought  forward  and  the  involved  chai'actcr  of  many 
of  the  sentences.  Be  this  us  it  may,  by  a  peculiar  coincidence,  at  the 
Montreal  meeting  of  the  Anicricnii  Association  for  the  Advancement 
of  Science  in  August  of  this  same  year,  Prof.  Benjamin  Pierce,  of  the 
V.  S.  Coast  Survey,  brought  forward  ideas  almost  identical  with  Owen's, 
K>  far  as  relates  to  the  parallelism  of  the  coasts,  and  felt  disposed  to 
egard  such  conditions  as  evidence  that  the  sun,  by  influeucing  in 
ome  way  the  cooling  of  the  crust,  had  determined  the  grander  outlines. 
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Ow(»ifs  i(l4»as  rrgiirdinjj  tho  tetrahedral  form  of  the  earth,  tboutrb 
l^erhaps  original  witli  him,  ami  put  forward  here  for  the  lirst  time  by 
ail  American  writer,  were  not  wholly  new.  Those  de^siring  a  historical 
review  of  the  subject,  with  an  account  of  recent  advance-s  and  theories, 
will  find  the  same  in  a  paper  by  •!.  W.  Gregory^  The  Plan  of  the  Earth 
and  its  Causes.  lii*st  printed  in  the  Cxeographical  Journal  for  March, 
189i*,  and  reprinted  in  the  Appendix  for  the  Report  of  the  Smithsonian 
Institution  for  1898/' 

At  the  Montreal  meeting  of  the  American  AsH^x'^iation  for  the 
Advancement  of  Science,  for  this  same  year,  Logan,  referring  to  pre- 
vious statements  by  himself  relative  to  a  possible  subdivision  of  Azoic 

rocks,  as  given  in  his  annual  repoits,  describes  in  some 

Loffan's  Proposed  i.i  .  *i-'i  ..- 

Subdivision  of  the      detail  a  series  or  group  of  clastic  rocks,  ccmsistmg  of 

siliceous  slate  and  slate  conglomerates,  holding  peb- 
bles of  crystalline  rocks  and  sometimes  showing  ripple  marks,  which 
he  had  tniced  along  the  north  shore  of  Ijake  Hun)n  from  Sault  Ste. 
Marie  for  V2i)  miles,  and  which  has  also  l)een  noted  in  other  parts  of 
the  Dominion  by  other  observers. 

As  notoA  bv  him  on  Lake  Huron,  the  formation  was  some  liKUOO 
feet  in  thickness  and  ))lainly  of  later  age  than  the  gneisses,  as  well  as 
of  distinct  lithological  character.  For  this  formation  he  then  formally 
proposed  the  name  Huron ian,  although  the  term  had  l)een  previously 
used  in  connection  with  this  formation  by  Murray^  in  1848  and  Hunt 
in  isr)5.  To  tlic  portion  of  the  Azoic  iuunediately  underlying  the 
Huronian  lie  gave  the  name  Laurcntian,  after  the  Laurentide 
Mountain.^. 

At  tills  sauH*  meeting  he  further  suggested  a  }x>ssible  subdivision  of 
the  Laurentiiin  series,  in  which  the  calcareous  rocks  sh<mld  Ikm^oh- 
sidered  as  distinct  from  (he  siliceous.  This  aimouncement  and  the 
subs(»(|uent  discussion  led  to  a  mass  of  liteniture  which  is  piM^hajw 
second  orilv  to  that  involved  in  tlu*  Taconic  controversy,  althouifh, 
fortunatelv.  without  anv  (»f  its  bitterness.  Indeed,  the  entire  matter 
is  stroui'l V  suy' restive  of  Knn nous's  Taconic,  even  if  the  rocks  describtnl 
could  not  be  accuiatelv  rc^letrated  then»to. 

The  principal  participants  in  this  discussion,  which  is  even  now 
scarcely  at  an  end.  were,  asi(U*  from  Logan,  K.  1).  Irving  and  Alexander 
Winciiell,  tiiougii  many  others  took  })art.  I^ater  it  was  ai)parently 
shown  that  unihM*  th(^  name  Huronian  two  distinct  formations  wore 
comprised,  to  the  older  of  whieli  A.  ('.  Lawson  in  188<)  gave  the  name 
Keewatin.'' 


'M)w('nV  \\(»rk  wa-  l»rit*Hy  iiotiiMMl  in  tlie  AiiH'rican  Journal  nf  S<'ieiK\^.  Twoor 
lluiM'  paj^osot  his  iiiattt'i-  wtTt*  (pKiU'd,  and  «liHinisse<l  with  **  Remarks  on  thes«»  |*^ 
sa^«*s  an*  urnieci'ssiirN ." 

''  I''or  a  lii>torv  of  the  <list'u.-i>ion,  si'v.  A  Last  Won!  with  tlit^  l^urentiaii,  bv  Alex- 
iuuh'r  WiiwlwU,  Hiilh'tin  ot  the  ru'o\»>^U"Al  Sum»ty  of  America,  II,  1891,  pp.  85-124. 
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During  1857-58  Prof.  J.  S.  Newberry,  lus  geologist,  accompanied  the 
corps  of  topographical  engineers,  under  the  innnediate  direction  of 
Lieut.  J.  C.  Ives,  on  an  expedition  up  the  Colorado  River  from  its 
_  mouth  to  a  point  called  Fortification  Rock,  north  of 

8 tbe Colorado         the  thirtv-sixth  parallel.     The  main  object  of  the  expe- 
vor  1857-58.  *"  ^  r 

dition  was  to  ascertain  the  navigability  of  the  Colo- 
rado, with  especial  reference  to  its  availability  for  the  tran.s|x)rtation 
of  supplies  to  the  various  military  posts  in  New  Mexico  and  Utah. 
Newberry  entered  the  country  from  San  Francivsco  and  San  Diego, 
and  in  Chapters  I  and  II  of  his  report  makes  reference  to  the  general 
geology  of  this  part  of  the  region.     The  party,  as  above   note^ 
ascended  the  river  as  far  as  the  Great  Bend,  above  Blat^k  Canyon,  and 
returned  thence  to  the  Mojave  Valley,  south  of  P3^ramid  Canyon. 
Thence  the  homeward  route  lay  eastward  overland  to  Fort  Leaven. 
Worth  l>y  way  of  Sitgreaves  and  Railroad  passes  in  the  Black  and 
Cerbat  mountains.  Bill  Williams  and  the  San  Francisco  mountains, 
Salt  Springs  of  the  Little  Colorado,  northward  to  the  Mocjui  Pueblos, 
and  eastward  to  Fort  Defiance,  Santa  Fe,  and  Las  Vegas  (see  map). 
In  the  latter  part  of  the  trip  the  route  lay  along  that  traversed  !)y 
the  surveys  for  a  railroad  route  to  the  Pacific  under  Lieut.  Whipple, 
with  which  Jules  Marcou  was  connected  as  geologist.     Newberry's 
Import,  Part  III  of   the  report  of   Lieutenant  Ives,  comprised  154 
Octavo   pages,    with    3    plates   of    fossil    invertebrates   and    plants. 
^ade  necessarily  as  a  hasty  reconnaissance,  it  nevertheless  contains 
interesting  generalities.     He  rightly  regarded  the  canyon  of  the  Colo- 
i^do  as  a  canvon  of  erosion,  but  conceived  that  in  earlier  times  the 
I'iver  filled  to  the  brim  a  series  of  isolated  basins  formed  by  the  vaii- 
ous  mountain  chains  and  interlocking  spurs  of  the  synclinal  trough 
tiirough  which  the  river  runs,  and  that  during  the  lapse  of  ages  "'the 
accumulated  waters,  pouring  over  the  lowest  |)oints  in  the  opposing 
liarriers,  have  cut  them  down  from  summit  to  base,"  thus  forming 
the  canyons.     The  massive  granite  walls  of  Pyramid  Canyon,  with 
their  capping  of  stratified  gravel,  he  regarded  as  conclusive  proof  of 
the  former  existence  here  of  an  unbroken  barrier  ''stretching  across 
the  course  of  the  Colorado  and  raising  its  waters  to  an  ehnation  of  at 
least  250  feet  above  their  present  level."    The  idea  of  a  possible  uplift 
•cross  the  river's  course,  an  uplift  so  slow  as  to  be  counteracted  by 
erosion,  as  afterward  taught  !)y  Dutton,  was  undreamed  of,  and  tin* 
mental  restorations  of  past  surface  contours  given  are  at  times  start- 
ling for  their  magnitude.     Thus,  in  accounting  for  the  presence  of  the 
large  bowlders  in  the  gravel  of  Elephant  Head  south  of  the  entrance 
to  Black  Canyon,  with  its  walls  of  porphyry  from  800  to  1,200  feet  in 
height,  he  wrote: 

When  the  Colorado  began  t!ie  ta.«k  uf  cutting  down  the  gijrantii!  wall  at  tlie 
Point  where  its  accumulated  watern,  in  groAter  volume  than  now,  poured  down  its 
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south \re8t<?m  deflivity,  the  cascade  which  it  formed  must  have  surpassed  any  simi- 
lar exhibition  of  nature's  forces  of  which  we  have  knowledge  at  the  present  day. 

On  page  42  of  his  report  Newberry  gave  a  section  of  the  Grand 
Canyon,  showing  the  bottom  granite  overlain  by  Potsdam  sandstone, 
and  this  by  Silurian  (i),  Devonian  (Jj,  and  Lower  Carboniferou-s  (0 
rocks,  and,  finally.  Upper  Carboniferous  limestone.  This  was  the  tirst 
section  of  these  beds  ever  published." 

The  source  of  the  materials  which  go  to  make  up  the  sedimentary 
rocks  of  the  West,  he  thought,  could  not  have  been  derived  from  the 
emerged  surfaces  east  of  the  Mississippi,  but  were  rather  '^formed  by 
the  incessant  action  of  the  Pacific  waves  on  shores  that  perhapiJ  for 
hundreds  of  miles  succinnbed  to  their  power,  and  by  broad  and  rapid 
rivers  which  flowed  from  the  mountains  and  through  the  fertile  valley 
of  a  primeval  Atlantis."  The  outlines  of  the  western  part  of  the 
North  American  continent,  to  his  mind,  were  approximately  marked 
out  by  groups  of  islands,  broad  continental  surfaces  of  dry  land,  and 
areas  of  shallow  water  from  the  earliest  Paleozoic  times. 

As  already  noted,  a  portion  of  Newberrv's  return  route  lay  along 
that  previously  (in  1853-1854)  traversed  by  Marcou,  and  it  is  interejsting 
to  note  the  different  views  of  the  two,  offered  by  this  opportunity  for 
comparison.  Thus  Newberry  questions  Marcou's  determination  of 
the  age  of  the  formations  near  Partridge  and  Cedar  creeks,  near  Bill 
Williams  Mountain,  Marcou  regarding  them  as  Devonian  and  I^ower 
Carboniferous  (Mountain  limestone),  while  Newl>erry  thought  them  to 
be  not  older  than  Carboniferous.  In  like  manner  Newberry  (\ue>- 
tioned  the  Permian  age  of  the  Canyon  Diablo  beds,  I'ightly  regardiiij.^ 
the  same  as  Carlmniferous,  and  the  red  sandstone  overlying  this  lime- 
stone as  likely  to  prove  Permian  or  Triassic.  The  yellow  sandstone 
along  the  Rio  Grande  was  considered  as  not  Jurassic,  but  Cretaceoib. 

In  IS5J»  Newberry  again  took  the  field,  this  time  in  connection  with 
a  topographic  party  under  Capt. »].  N.  Macomb.  The  party  left  Santa 
Fe.  New  Mexico,  about  the  middle  of  July  and,  crossing  the  Kio 

(ininde  del  Norte,  followed  up  the  vallev  of  the  Kiver 

Newberry's  Work  .  ..      ^^i       j.     -i-         ^-i         .     . 

with  the  Macomb      Cluinia,  tiiiallv  leavin^jT  it  at  the  dividing  ridpfe  l>etwoon 

Expedition,  1859.  ,  ^      i        i^.     ,  .       i.     xr       •  i      i  r      » 

the  waters  or  the  Cxulr  of  Mexico  and  those  of  the 
(xuif  of  California.  From  here  thev  struck  across  the  headwaters  of 
the  San  Juan  Kiver.  passing  along  the  southern  base  of  the  Sierra  de 
la  Plata,  and  then  northerly  to  the  junction  of  the  Grand  and  (ireen 
rivers.  Thence  the  party  proce^nled  southward  to  the  San  Juan  Kiver, 
which  thcv  followed  u\)  as  far  as  Canyon  Largo,  passing  thence  down 
the  valley  of  the  Puerco  to  tht^  old  pueblo  of  Jemez,  and  thence  east- 
erly back  to  Santa  Fe.     The  route,  it  will  be  perceived,  thus  covered 

'^'Tliis  report  contains  several  «;raphi('  views  of  tlie  Colorado  Canyon  from  sketches 
by  F.  W.  K^rjoffstein.  bnt  which  have  been  largely  overlooked  since  the  more  recent 
work  of  Powell,  Dntton,  and  Holmes. 
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part  of  the  territory  previously  gone  over  in  connection  witli  tlie  Ivo^ 
expedition. 

The  reix)rt,  though  written  in  i860,  was  not  published  until  ISItl, 
owing  to  the  outbreak  of  the  civil  war.  It  comprised  an  octavo  vol- 
ume of  148  pages,  with  8  full-page  plat(»s  of  fossil  plants  and  inverte- 
brates, and  a  map  of  the  route  tmversed.  Some  of  the  conclusions 
arrived  at  during  the  work  of  the  Ives  expedition  were  confinned  l»y 
the  more  recent  work.  Perhaps  the  most  interesting  of  the  results  as 
given  related  to  the  orogniphic  movements  attendant  upon  the  eleva- 
tion of  the  Rockv  Mountains. 

His  conclusions  were  to  the  effect  that — 

First.  The  Rock}^  Mountains  existed  in  embryo,  at  least,  previous 
to  the  deposition  of  the  older  Paleozoic  rocks,  the  presence  of  the 
upheaved  Potsdam  sandstone  in  the  Black  Hills  region  showing  euii 
dusively  that  this  part  of  the  country  was  buried  beneath  the  waters 
of  the  primeval  ocean. 

Second.  Volcanic  activity,  which  began  as  early  as  the  Middle  Ter- 
tiary, continued  even  into  the  present  eix)ch. 

Third.  Previous  to  the  deposition  of  the  Lower  Cretaceous  strata 
the  central  jx^rtion  of  the  continent  was  above  the  ocean  level,  the 
main  portion  of  the  Cretaceous  sediments  Ixjing  deposited  during  the 
l>eriod  in  which  a  subsidence  of  sevenil  thousand  feet  took  place. 

Fourth.  At  th(^  dose  of  the  Cretac(»ous  age  a  i>eriod  of  elevation 
began,  which  continued  to  tin*  drift  e})och.  This  was  succeeded  by  a 
period  of  depression  and  again  by  one  of  elevation. 

Fifth.  The  great  elevatory  movement  of  the  Rock}'  Mountains  took 
phice  between  the  close  of  the  Cretaceous  period  and  that  of  th»' 
Miocene  Tertiarv. 

Newberry  was  born  in  Connecticut,  but  his  parents  moving  to  Ohio 
when  he  was  but  two  years  of  a<re,  lie  passed  his  boyhood  in  what  was 
then  the  w^estern  frontier.     His  father,  in   1S2S,  then   living  at  Cuva- 

hoga  Falls,  opened  up  the  coal  mines  at  Talhnadfr^. 
Sketch  of  Newberry,  making  the  Hrst  systematic  attempt  at  introducing  coal 

for  fuel  along  tin*  lake  shore  region.  The  abundant 
and  beautiful  fossil  flora  found  in  the  roof  shales  of  these  mines 
undoubtedly  did  nuuh  toward  turning  th(^  young  man's  thoutrht> 
toward  science,  and  a  visit  from  James  Hall  in  1S41,  while  he  waslmt 
nineteen  vears  of  aire,  still  further  stinudated  his  interest.  He  <[ni(l- 
uated  at  the  \Vest(Mn  KescM-ve  College  in  1S4H,  and  afterwards  studied 
medicine,  receivinir  the  degree  of  M.  J),  in  1848.  Two  vears  wen" 
then  ])asse(l  in  study  al)road,  during  which  time  he  made  his  tir>^ 
scientific  ])ublicati(ni  a  description  of  a  fossil-fish  locality  at  Montt* 
Bolca.  Italy.  In  Isf)!  he  returned  to  AuKMica  and  began  the  pursuit 
of  medicine  at  Clev<*land,  but  alt'hough  ac<[uiring  a  large  practieehe 
was  soon  induc(»d  to  give  it  up  and  enter  upon  a  wider  tield  of  useful- 


John  Strong  Newberry. 

Prciteiwir  of  (;ii>I<iK>'.  rulninbliiColleeE,  and  state  (imlogiHl  of  (ihln. 
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5s.  In  1855  he  became  connected  with  Lieut.  K.  S.  Williston's  sur- 
Y  in  California,  and  later  with  that  of  the  Ives  Expedition  to  explore 
i  Colorado,  as  well  as  with  that  of  Capt.  J.  Is.  Macomb  to  explore 
?  San  Juan  region  of  Colonido  and  adjacent  portions  of  Arizona, 
ah,  and  New  Mexico,  as  noted.  In  1857  he  became  attached  to  the 
lithsonian  Institution  in  Washington  and  also  accepted  a  professor- 
p  in  Columbian  University  in  the  same  city. 

During  the  civil  war  he  was  attached  to  the  Sanitary  Conmiission, 
i  in  1866  became  professor  of  geology  and  paleontology  in  the 
bool  of  Mines  of  Columbia  College,  New  York,  with  which  institu- 
n  he  remained  connected  until  the  time  of  his  death  in  1892.  In 
59  he  assumed  charge  of  the  geological  survey  of  Ohio,  as  noted 
«where.  That  the  survey,  in  common  with  most  others  of  its  kind, 
me  to  an  untimely  end  was  no  serious  reflection  upon  Doctor  New- 
rry,  though,  as  his  biographer  remarks,  a  mistake  was  undoubtedly 
ide  in  postponing  the  ei'onomic  portions  of  the  work  until  the  last, 
id  thereby  arousing  the  antagonism  of  the  ruml  members,  one  of 
hom  is  quoted  as  having  remarked  that  too  nmch  money  was  devoted 
*' clams  and  salamanders.''  Newberry  also  did  a  large  amount  of 
ileontological  work  in  connection  with  the  surveys  of  Illinois,  New 
irsev,  and  the  United  Stiitessurvevs under  Havden  and  Powell.  His 
08t  important  works  wen*  those  in  connection  with  the  Illinois  and 
hio  surveys,  and  two  monographs  published  bv  the  United  States 
irvey,  one  on  the  Paleozoic  Fishes  of  North  America,  and  the  other 
I  the  Floi^a  of  the  Amboy  (Hays  of  New  Jersev,  the  latter  being 
ited  by  Dr.  Arthur  Hollick  after  Newberry's  death. 
Newberry  is  describt^d  as  a  man  whose  personality  inspired  confi- 
nee  in  others,  though  possessing  little  of  what  is  known  as  executive 
ility — a  man  of  kindly,  cheerful  disposition,  and  whose  desire  for 
aie  never  went  so  far  as  to  cause  him  to  assume  credit  for  others 
)rk.  A  pleasing  writer  and  conversationalist  and  accomplished  mu- 
ian,  he  made  many  friends  and  retained  to  the  end  the  respect  and 
i'e  of  all  who  knew  him. 

dw  Hhortcoiuings  were  known  to  his  friends  a«  well  as  were  hin  excelleuciea;  he 
8  impetuoiiH  and  8ometime>»  he  was  severe,  possibly  unjust,  in  judging  men  or  in 
iling  with  them.  But  of  hittemess  he  knew  little;  of  forgiveness  he  knew  much. 
s  defects  were  thoee  of  a  strong  man;  in  many  th€\v  would  have  been  sources  ol 
akness,  but  somehow  thev  seemed  to  make  his  friends  staml  more  firmlv  bv  hnn. 

Newberry's  work  received  prompt  and  ready  recognition  both  at 
mie  and  abroad.  He  was  a  charter  member  of  the  National  Academy 
Sciences;  foreign  correspond(»nt  of  the  I^ndon  Geological  Society, 
ceiving  the  Murchison  medal  in  1888;  president  of  the  American 
ssociation  for  the  Advancement  of  Science  in  1867;  president  of  the 
ew  York  Academy  of  Science  for  twenty -five  years;  vice-president 
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of  the  (xeological  8ociet>'  of  America,  and  president  of  the  lDteni» 
tioual  Congress  of  (Geologists  in  1891,  although  then  too  ill  to  attetirf 
its  meetings. 

April  20,  1857,  D.  D.  Owen,  while  State  geologist  of  Kentucky,  wa^; 
appointed  1)}'  the  governor  of  Arkansas  geologist  of  that  State,  the 
appointment  to  take  effect  ^'from  and  after  the  first  day  of  October, 
David  Dide  and  1857/- at  which  tiuie  it  was  supposed  the  Kentucky 

^rtTin  AriMiiMs  work  would  be  brought  to  a  close.  Owen  selected  for 
1857-1860.  ijij^  assistants,  E.  T.  Cox  and  Leo  Lesquereux,  with 

Joseph  I A»slev,  for  topographer,  and  Robert  Peter  and  W.  Elderhorst, 
chemists.  Two  large  octavo  volumes,  comprising  together  some  689 
pages,  were  issued  in  1858  and  I860,  the  first  having  been  printed 
apparently  at  Little  Rock  and  the  second  in  Philadelphia.  They  were 
illustrated  with  colored  lithographs  and  engravings  after  originals  in 
Oweus  well-known  style. 

On  paleontological  evidence  the  zinc  and  lead-bearing  rock  of  north- 
western Arkansas,  i.  e.,  the  300  feet  of  Magnesian  limestone  and  silico- 
calcareous  rock  that  underlie  the  marble  strata,  forming  about  250  to 
300  feet  of  the  lower  and  main  hody  of  the  ridges  of  Marion  County, 
were  put  down  as  of  Lo>ver  Silurian  age,  and  as  in  all  probability 
belonging  to  that  suMivision  known  as  the  Calciferous  sandrock  of 
the  Now  York  svstem.  The  "marble  limestones'"  of  northwestern 
Arkansas  ho  was  unable  to  ^x  dofiiiitoly,  but  seemed  to  think  it  prob- 
able they  would  prove  to  ro]>rosont  the  Onondaga  of  Now  York. 

As  to  tlio  origin  of  tlio  load  ores,  ho  wrote: 

My  impression  is  tliat  the  lead  ore  once  oeeiipied  these  north  and  i^JOiith  crevices, 
and  wds  subsequently  renioveci,  in  part  or  in  wliole,  into  its  j>resent  l>ed  by  trans- 
jKirtation,  analojrous  to  that  known  to  mnierah)gists  under  tlie  name  of  the  pseudo- 
morphous  process,  l)y  which  one  mineral  is  removed  while  another  takes  its  place, 
assuming  often  the  form  of  the  first  nnneral  instead  ot  tlie  usual  form  belonging  t^i 
itself.  *  *  *  That  it  should  have  been  deposited  like  a  Innestone  or  sandstone 
is  altoji:ether  imi>robable,  and  ccmtrary  to  the  usual  nature  of  such  ponderous:  and 
difficultly  soluble  minerals. 

The  cause  of  the  hot  springs  Owen  considered  to  bo  the  ^Mnternal 
heat  of  the  oarth/'     Not  that  tlio  waters  came  actual! v  in  ''contact 
with    tiro/'   but    rather   that    they    wore  completely  permeated  with 
'*  highly  hoatod  vapors  and  gasos  which  emanate  from  sources  deeper 
soatod  than  tlio  water  itself." 

The  snowy  white  novaciilito  from  the  vicinity  of  the  hot  springs  h^ 
believed  to  bo  of  the  ago  of  the  niillstono  grit,  and  "once  a  snnpl^ 
ordinarv  sandstone.  From  th(^  state  of  ordinarv  sandrock  it  hB-^ 
been  altered  or  niotamorj)hosod  into  this  exquisitely  tine  material,  not 
as  I  conceive,  hy  contact  with  Hro  or  igneous  rock,  but  by  the  per- 
meation of  hoatod  alkaline  siliceous  waters.''  Through  this  permea- 
tion he  conceived  that  "the  particles  of  solid  rock  have  been  gradually 
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ed  from  graiihs  uf  quartzcse  sand  to  impalpable  silica,  and  the 
T  part  of  the  oxide  of  iron,  manganese,  and  other  impurities 
d  out  in  solution  from  the  pores  of  the  rock,  leaving  nearly 
L*ally  pure  silica  behind/'  Such  changes  are  practically  in(»on- 
le,  and  the  best  authorities  to-day  regard  the  novaculitx^s  as 
U8  replacement  of  limestone. 

Tge  number  of  soil  analyses  were  made  by  Doctor  IVter  ^' with 
to  settle  that  very  important  question"  whether  such  can  !)e  of 
to  the  agriculturist  in  showing  the  relative  fertility  of  soils 
e  loss  sustained  by  cultivation.  In  Owen's  opinion  such  utility 
tablished  ^Mn  the  most  incontrovertible  manner.-' 
'u,  it  should  be  noted,  died  in  IHfJO,  and  before  th«»  publication  of 
*ond  report,  which  was  brought  out  under  the  direction  of  his 
r  Richard." 

F.  Lewis  Harper,  whose  work  in  Mississippi  has  been  already 

?d  to  (p.  441),  was  succeeded  a.s  State  geologist  by  E.  W.  Hilgard, 

whose  efficient  direction  there  was  brought  about  the  first  and, 

thus  far,  onlv  svstematic  survev  of  the  entire  State. 

i^QeoiogicAi    jj}^  Keport  on  the  Geology  and  Agriculture  of  the 

j*»  State  of  Mississippi  appeared  in  1800.     It  contained  a 

systematic  and  fairly  detailed  account  of  the  various 

tions  of  the  State,  together  with  a  table  of  the  formations,  as 

on  next  page,  the  classitication  and  terminology  adopted  being 

•  Satford  and  Tuomev. 


>rding  to  Brainier  (Journal  of  Geology,  U,  1894,  p.  82())  the  appropriations 
!?iirvey  were  vigorously  combated  by  some  of  tlie  legisilator><,  one  of  whom, 
ttemptfl  to  defeat  the  bill,  intnxiuced  the  following  amendment: 
12.  The  same  amount  which  is  appropriate<l  Ui  the  State  geologist  shall 
»  be  appropriated  to  a  phrenologist,  *  *  *  and  a  like  amount  to  an  orni- 
it  and  their  several  assistants,  who  shall  likewis<'  be  appointed  by  the  gov- 
»nd  shall  continue  in  olfice  tiftv-four  years  *  *  *;  and  the  secretary  of 
lall  forwanl  <me  copy  of  ea<*h  report  to  the  governor  of  ea<"h  State  in  the 
except  such  as  may  In*  known  to  be  bla(;k  repuV)lican  governors;  also,  one 
the  Queen  of  England  and  to  the  Km|)erors  of  France  and  Russia;  also,  a 
the  Queen  of  Spain:  provided  that  government  will  sell  Cul)a  to  the  United 
n  reasonable  terms. 

14.  It  shall  be  the  duty  of  the  phrenologist  in  examine  and  report  ui)on  the 
f  all  the  free  white  male  and  female  citizens  in  the  State,  and  their  children, 
auch  as  may  refuse  to  have  their  heads  examine<l. 
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Lt  a  iiu'etiiig  of  tlie  St.  I^uiis  Aradeiiiy  of  Sciences,  held  on  Feb- 
ly  IS,  1858,  Prof.  G.  C.  Swallow  pre.sented  a  paper  announcing  the 
linjr  of  Permian  fossils  among  some  collections  submitted  to  him  for 

identification  by   Maj.   F.   Hawn.     This,  as  being  the 


fJJSSiyrrSs"  first  apparently  authentic  announcement  of  the  occur- 
rence of  Permian  rocks  on  the  American  continent, 
ited  a  great  deal  of  interest  and  started  a  somew^hat  bitter  personal 
trovers^'  between  Hawn,  Swallow,  and  Meek,  which  may  be 
erred  to  in  some  detail. ** 

lawn,  it  appears,  was  a  civil  engineer  engaged  in  the  linear  survey 
Kansas,  but  whose  interest  in  matters  geological  led  him  to  make 
«nsive  collections  of  fossils.  These,  for  purposes  of  identification, 
divided,  sending  the  supposed  Cretaceous  forms  to  F.  B.  Meek, 
n  at  Albany,  New  York,  and  the  Carboniferous  to  G.  C.  Swallow, 
Columbia,  Missouri,  the  particular  collection  referred  to  in  this 
itroversy  being  made  at  the  Smoky  Hill  Fork  of  the  Kansas  River. 
The  collections  received  bv  Meek  were  of  such  a  character  as  to 
d  him  to  think  that  the  l)eds  from  which  they  were  tnken  might  be 
iassic  or  Permian,  though  perhaps  belonging  to  the  Upper  Coal 
*ji.sures.  He  immediately  wrote  Hawn,  itsking  that  he  obtain  for 
n  other  materials  and,  if  possible,  get  from  Professor  Swallow  all 
of  those  forwarded  to  him  which  were  not  (carboniferous.  To 
8  Hawn  readily  agreed  and  wrote  as  follows: 

'rofeseor  Swallow  certainly  will  not  attempt  to  interfere  with  you  in  this  matter, 
known  perfectly  well  the  rt»latiou  existing  l>etween  us  and  expressed  himself 
titled  that  I  was  furnishing  you  with  ini|>ortant  infonnation  in  furtherance  of  your 
estimation.  Furthennore,  he  has  not  the  data  to  i^tablish  a  relation  between  the 
eral  points  under  review  by  you.  I  merely  sent  him  the  Carboniferous  fossils  for 
§sification  and  comparison  with  those  of  the  Missouri  collection,  that  a  parallel 
y  he  established  in  my  further  operations. 

A.gain,  under  date  of  September  5,  1857,  Hawn  wrote  to  Meek: 

wrote  to  Professor  Swallow  *  ♦  ♦  and  requested  him  particularly  to  send  you 
the  fossils  that  were  not  Carboniferous,  as  they  were  intended  for  your  use.  I 
M»  he  will  comply  with  my  re<iuest,  as  I  shall  not  have  time  to  go  to  see  him. 

\nd  again,  under  date  of  September  9,  of  the  same  ye^r: 

*liould  this  formation  turn  out  to  Ik*  as  you  anticipate,  new  and  important,  will 
idiscuas  the  details  in  an  article  for  my  contemplate<l  work  on  the  mineral  and 
i<rultnral  characteristics  of  K.  T.,  and  des<'ril)e  the  fossils  that  are  new? 

Tnder  date  of  January  4,  1858,  he  wrote  again: 

have  a  letter  before  me  from  Professor  Swallow  in  wliich  he  thinks  the  speci- 
ns  sent  him  from  Smoky  Hill  Fork  are  Carboniferous.     Therefore  suppose  he  has 


It  should  be  noted  that  Marcou  claime<l  priority  in  the  dis<x)very  of  Permian 
ytm)  beds  in  America,  the  dis<*overy  having  been  made  while  connected  with  the 
afic  Railroad  survey  in  1853.  (See  his  Araerii^an  Geologic^al  Classification  ami 
menclatore,  Cambridge,  1888. )  The  correctness  of  his  paleontological  identifica- 
1  was  quasdoned  by  Meek,  White,  Hall,  and  Newberry. 
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■t  ui>  my  liniite'l  kiii>wU-<1^  in 
II'  and  not  otM^irrinji  In  Carhnn* 


not  »eut  yrin  any  fossils.  Of  rnnrtie,  I  ftioiilil  n 
ojipodtion,  hnl  I  (.■ertainly  havi'  fornix  unknown 
iferous  rocks  of  Mispnnri  whirh  1  i:?xaniinH(l. 

Under  these  oonditJoiis  it  is  drflicult  to  imderiitand  why  Hswii 
should  have  later  entei'ed  into  a  partnership  with  Swallow  for  tbe 
working  up  of  the  collections  aud  the  publication  of  tbe  results,  and 
it  is  perhaps  not  to  be  wondered  at  that  Meek  should  have  denounced 
the  prot-cediiig  somewhat  harshly  in  a  paper  prepared  under  the  joint 
auspices  of  himself  and  Hayden  and  read  before  the  Altmny  Institutf 
on  Miinsh  a  of  that  year.  Hawn,  in  a  subsequent  letter  to  Meek,  excuaed 
himself  on  the  ground  that  Meek's  letters  had  led  him  to  believe  tint 
he  had  alwndoned  the  investigation  for  want  of  time  or  for  want  of 
contidence  in  the  final  result,  and  that  consequently  he  brought  the 
matter  to  the  attention  of  Swallow  with  tlie  urgent  request  that  tbe 
collections  1ms  worked  up  imniediatelj",  and  at  the  same  time  notified 
him  of  Meek's  suggestion  regarding  their 
Permiim  nature.  Swallow  himself  wrote  a 
very  conciliatory  note  to  Meek,  which  Meeuis, 
however,  to  have  been  far  from  heitliug  the 
Itrench  between  the  particM  most  <ionceriied. 
The  fa*'t^  of  the  matter,  so  fai'  as  they  (■an 
be  made  out,  l>oth  from  the  publications  and 
the  letters  now  in  the  archives  of  the  Smilh- 
soniaii  Institution,  seem  to  show  that,  !«■- 
yond  iiui'stiun.  Meek  was  the  first  to  recoj;- 
ni/i'  the  ixissiblc  IVrmian  nature  of  tbe 
fossils  ill  i|u<'stioii:  tliathesonotitiod  Hawn. 
and  su]>[HiM'd  the  mutter  wsis  so  arniTiged 
'■""  that  he  could  work  tbe  nmlcriiils  up  at  hi^ 
leisure.  In  the  meantime  Hiiwn.  as  wiig- 
.  thinking  that  Meek  Jiiid  laid  tlie  matter  aside, 
I  Swiilliiw's  attention,  wiio  published  the  niiittei'  with 
uly  Jiii^te  in  the  Tiimsactions,"  us  well  iis  in  the  loi>al 
iiewsjMipers  of  ihe  day.  In  addition,  he  giive  the  sulistaiiceof  the  dis- 
i-overy  in  :>  Irlter  to  Diinii.  dated  Kelu'uary  li!.  wliich  was  published  as 
iin  apiH'iidix  oT  the  American  .bnirnal  of  Science  for  March  of  that 


gcsted    in 
brought 


IMS    I 


On  the  St 
atlhe  Aca.li 


'   March  of  this  same  yeai'  11.  F.  Shuniard  announced, 

of  Sciences  at  St.  Louis.  tJiat  certain  fossils  which  his 


m's  ]ia|itT  ln-jiins  witli  the  following  statenit'nt,  wliich  Jllnstratiw  hLs 
■  I'laiiii  priority  in  a  rliintivery,  llie  iin|)iirtaiii'e  of  which  was  tc'^ally  over- 
"Iii  iiri'siMith));  the  fcill'iwin^'  jiaiier  tu  tlie  Kcifntifii- «orKl,  ivc  feel  it 
L  U]i'in  oursrlvc^  l.i  slate  that  It  liH.-  Iw-en  jirppare<l  in  itreHt  haste,  in  the 


it  liefore  Ihe  inimlier  was  liound  np,  ami 
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other,  Dr.  G.  G.  Shumard,  had  brought  from  the  white  limestone 

of  the  Guadalupe  Mountains  of  New  Mexico  were,  at 

sSJ^StoST****"  ^^^^  ^^  P*'*^'  identical  with  the  Permian  fossils  of 

Kansas.  This  is  referred  to  elsewhere  (p.  485).  Sub- 
quently  the  supposed  Permian  was  recognized  in  Illinois  by  Hall 
om  fossils  sent  to  him  by  Worthen. 

In  the  American  Journal  of  Science  for  May  of  the  year  following 

B69),  Meek  and  Hay  den  had  a  paper  on  the  so-called  Triassic  rocks 

Kansas  and  Nebraska,  in  which  they  expressed  the  opinion  "that 

the  entire  series  from  near  the  top  of  the  lower  Per- 
il Hoyden  on 

In  jCiuMs     mian  of  Professor  Swallow's  and  Mr.  Hawn\s  se-ctions. 


1  Nd^raslu. 

down  even  lower  than  the  horizon  where  thev  draw 
eir  line  between  the  Coal  Measures  and  the  Permian,  should  be 
garded  most  nearly  related  to  the  Carboniferous  and  might  well  be 
lied  Permo-Carboniferous."  This  view  for  some  time  prevailed,  but 
cent  work  has  shown  that  beds,  the  equivalent  of  the  true  European 
n'mean,  are  present  in  Kansas,  Nebraska,  the  Guadalupe  Mountains, 
id  perhaps  in  other  parts  of  the  West  as  well. 

Information  regarding  the  geology  of  Texas  up  to  this  date  (1858) 
id  been  graduall}'  accumulating  through  the  work  of  geologists  con- 
KJted  with  the  various  exploring  expeditions,  and  more  particularly 

throuffh  Ferdinard  Roemer's  pu]>lications.  Koemer,  it 
oiofficai  Survey  of  mav  be  wcll  to  remark,  was  a  German  wlio  came  to 

,a«    1858. 

America  in  1845  for  the  purpose  of  geological  explora- 
^n,  and  passed  a  year  and  a  half  in  active  work  in  Texas.  The  most 
iportant  of  his  publications,  the  outcome  of  this  work,  was  his  Die 
reidebildungen  von  Texas,  und  ihre  organ ischen  Einschliisse,  Bonn, 
152 — a  large  quarto  of  100  pages  of  text  and  11  plates  of  invertebrate 
•ssils.  In  1858  the  first  att(>mpt  at  a  systematic  survey  under  State 
ispices  was  attempted,  and  Dr.  B.  F.  Shumard,  whoso  paleontological 
ork  in  connection  with  explorations  under  Capt.  li.  B.  Marcy  and 
3lonel  Pope  have  been  already  noted,  was  appointed  Stnte  geologist, 
lumard  served,  through  nuich  trial  and  tribulation,  only  to  1860, 
hen  he  was  suspended  for  political  reasons,"  and  Dr.  Francis  M. 
oore,  who  had  been  one  of  his  assistants,  appointed  in  his  place. 


"Austin,  April r,,  1860. 
My  Dear  M.:  Your  kind  letter  reached  me  to-day,  and  I  can  not  suffioiently  thank 
»u  for  the  friendly  feeling  that  pronipte<l  you  to  \vrit«  it  and  for  the  course  you 
Lve  taken  in  refusing  testimoniala  to  the  aspirant  wlio  desires  to  8upj)lant  nie  in 
e  place  I  now  occupy.  I  shall  8i)eak  to  you  unraservedly,  for  I  have  had  too  many 
snrances  of  your  friendship  to  doubt  it.  ( )f  the  qualitications  of  the  person  alludetl 
,  to  take  charge  of  a  work  so  important  as  the  survey  of  this  State,  I  need  not 
form  you.  What  he  knows  of  geology  \\'^h  not  been  gathered  from  study,  but 
>m  conversations  with  geologists.  Thus  he  at  first  made  the  Coal  Measures  of  Fort 
»1  knap  Tertiary  and  wrote  a  long  article  which  was  published  in  the  Texas  papers! 
e  then  took  some  of  the  same  fossils  that  he  re\iei\  \\x>o\\  \o  ^ton^  WvivcT^xNAvy^"^ 
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But  one  report  was  issued,  a  pamphlet  of  17  pages,  Ijearing  the  date 
1859.  It  very  briefly  outlined  the  woik  accomplished,  laying  con- 
siderable emphasis  upon  the  presence  of  coal  and  other  economic 
products,  including  petroleum,  (ieorge  G.  Shumard  was  assistant 
geologist,  W.  P.  Riddell,  chemist,  and  A.  Koessler,  draftsman. 

In  a  letter  to  J.  D.  Dana,  and  ])y  the  latter  printed  in  the  American 
Journal  of  Science  for  April,  1858,  Professor  Saflford,  then  at  Cumber- 
land University,  I^ebanon,  Tennessee,  called  attention  to  an  important 
safford  on  the  ^"^  previously  unrecognized  unconf ormability  existing 

Betwe^'^Se  Lower  between  the  Lower  and  Upper  Silurian  formations  in 
SrnultioM^in''^"*  Tennessee,  indicating,  as  he  felt,  the  one-time  presence 
Tennesflee,  1858-59.  ^f  ^n  island  some  80  to  90  miles  in  diameter  in  the 
Upper  kSilurian  and  Devonian  seas,  and  occupying  a  central  position 
with  reference  to  the  present  limits  of  the  State.     This  he  regarded  as 

age  t<>  the  North,  snbmitt^Ml  them  to  "my  friend  ISfr.  Meek,"  returned  to  Texa>»,  and 
shortly  after  publiwhed  a  learned  (?)  article  in  which  he  referred  these  beds  to  the 
Coal  Measures,  their  true  age.     I  am  aware  that  he  professes  to  be  a  friend  of  mine, 
but  I  can  cry,  "save  me  from  such  friends.'*     He  says  truly  that  I  am  or  have  lieen 
in  trouble,  but  all  of  the  trouble  has  l)een  caused  eitlier  bv  himself  or  his  frienda. 
He  spent  some  five  or  six  weeks  here  last  winter  during  the  session  of  the  legislature, 
and  it  is  believed  here  that  he  use<l  every  endeavor  to  get  either  my  position  or  that 
of  one  of  my  assLMtants,  either  of  whom  are  nmch  better  geologists  tlian  he.    Gov- 
ernor Runnels  refused  him  the  appointment  solely  on  the  ground  of  incompetency, 
and  insisted,  for  the  same  reason,  that  I  should  not  give  him  the  jdace  of  assistant. 
He  has  been  a  politician  a  1  his  life  an<l   for  many  years  edited  a  leading  ])oliticnl 
paper  in  this  Stiite.     No  one  in  this  State  )>elicvcs  him  to  be  a  geologist,  although 
for  political  reasons  some  profess  to  think  so.     I  believe  conscientiously  that  if  the 
geological  survey  of  this  State  is  abolishe<l,  it  will  be  done  through  the  maneuvering 
of  Dr.  M.'s  friends  or  himself.     It  would   have  been  abolished  la.^^t  winter  had  the 
legislature  entertained  the  opinion  that  Dr.  M.  would  be  placed  in  charge  of  the 
survey.     The  i)eople  throughout  the  State  feel  a  great  interest  in  the  survey.     But 
the  important  work  will  assuredly  cease  with  the  next  legislature  if  Houston  make^ 
the  change.     I  do  not  know  what  encouragement  ( Jov.  Houston  has  given  Dr.  M. 
He  (Houston)  has  removed  every  one  of  Runnel's  ap}>ointees,  except  myself,  and 
but  for  the  interfertmce  of  some  of  Houston's  wannest  admirers  I  shouM  have  share<l 
the  same  fate  ere  this.     1  have  h;ul  indirect  assurances  from  influential  HoiLston 
men   that  1  am  not  to  be  disturbed.     It   may  be,  however,  that  he  would   like  to 
remove  me  simply  from  his  hatred  t^)  Runnels,  and  that  he  would  like  to  Mhielcl 
himself  l)ehind  testimonials  in  Dr.  M's  favor  from  such  men  as  Profes*»ors  Henry, 
Rache,  and  yourself.     Grit  may  be  that  Dr.  M.  wishes  the  testimonials  merely  t< 
induce  Houston  to  give  him  the  place.     Of  one  thing  1  aiii  (juite  certain,  and  that  is, 
any  testimonials  he  may  succeed  in  i)rocuring  will  be  emi)loye«l  to  the  injury  of  tlu 
survey.     *     *     * 

1  am  sorry  that  I  have  had  to  Siiy  unkind  things  of  anycme,  but  in  the  matter  ol 
the  Texas  survey  the  case  re«piires  it.  I  shall  feel  much  obliged  to  you  if  you  will 
communicate  the  contents  of  this  letter  to  Professor  Henrv,  to  whom  I  am  undei 
iuamj  obligations  for  rnani/  favors.  I  shall  strive  to  merit  the  good  opinion  that  lu 
entertains  of  me. 

♦  -A  #  *  #  ■► 

B.  F.  8Hr.MARD. 
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«  probabh'  elevated  at  the  close  of  the  Lower  Silurian  period  and  not 
again  depressed  until  the  beginning  of  the  perio<l   marked  ]>\'  the 
deposition  of  the  ^lack  shale  (Tpper  Devonian).     Latter,  in  iso^,  Saf 
ford  pointed  out  the  fact  that  the  crinoidal  and  variegated  marbles 
and  ferruginous   limestones   of   eastern    Tennessee   were   originally 
deposited  in  the  fonn  of  long,  narrow  belts,  stretching  in  a  northeast 
and  southwest  direction  entirely  across  the  State.     This  striking  fea- 
ture he  accounted  for  on  the  supposition  that  the  materials  were 
deposited  in  long  and  narrow  troughs,  formed  by  earlier  oscillations  or 
<*orrugations  of  the  earth's  crust,  the  conditions  thus  confirming  the 
views  held  by  Professor  Dana  as  to  the  early  Silurian  age  of  the  begin- 
nings of  the  Appalachian  oscillations.  " 

The  geological  survey  of  Pennsylvania,  established  under  H.  D. 
Rogers  in  1836,  c^me,  it  will  \ye  remembered,  to  an  untimely  end  in 
1842.    Rogers  being,  however,  unwilling  to  relinquish  the  work  in  its 

unfinished  condition,  continued  it  at  his  own  expense 
RtporShra?iie ^^^^  Until  he  was  able  in  1847  to  make  his  final  report  to 
PwStvmnUk,  1858.  the  ofticc   of  the   secretary   of   the   Commonwealth. 

Here,  for  some  unknown  reason,  the  manuscript  wjis 

i  allowed  to  lie  until  the  spring  of  1S51,  when  appropriations  were  made 
for  revising  it  and  bringing  it  up  to  date.  The  appropriations  were 
continued  until  1855. 

Gross  mismanagement  of  the  funds,  for  which,  it  is  said,  Rogers  was 
in  no  way  responsible,  prevented  the  publication  of  the  report,  how- 
<?ver,  and  it  was  not  until  1858  that  it  was  tinallv  issued,  and  then  onlv 
I  under  a  special  contract  l)etween  the  author  and  the  State,  whereby 
f  the  latter  was  to  furnish  the  sum  of  $16,000  and  Rogers  was  to  receive 
1,000  copies  of  the  book  and  the  original  manuscript.  The  work  was 
issued  by  W.  Blackwood  &  Sons,  London  and  Edinburgh,  and  J.  P. 
Lippincott  &  Co.,  of  Philadelphia,  and  was  in  the  form  of  two  (juarto 
volumes  containing  1,631  pages,  with  28  full  page  plates,  18  folded 
sheets  of  sections,  and  778  figures  and  diagmms  in  the  text. 

This  was  an  epoch-making  work,  and  beyond  question  the  most 
important  document  on  the  geology  of  America  that  had  appeared  u]) 
to  the  date  of  issue,  with  the  possible  exception  of  the  final  reports  of 
the  New  York  surveys,  issued  in  1842-43.  Fi*om  these  it  so  differed, 
however,  as  to  be  considered  quite  by  itself.     In  the  New  York  sur 

'^ These  views  are  again  advanced  by  Ulrich  and  Schuchert  (Report  of  the  New 
York  State  Paleontologi8t  for  1901,  pp.  633-663),  who  state  that  several  fokla  were 
<levploped  or  older  ones  accentuated  at  the  close  of  Beekinantown  (Calciferoiis)  time, 
^tween  these  folda  of  the  southern  Ap[)alachian8  during  later  Lower  Silurie  tiuien 
was  the '*  Lenoir  Basin/'  '*  containing  several  diHconnei^ted  longitudinal  folds  high 
enough  to  affect  the  direction  of  currently  and  conseciuentl y  the  character  of  the  sedi- 
iii^ts,  and,  in  a  smaller  degree,  faunal  distribution.  '  The  variegated  marbles  are 
in  the  western  or  '*Knozville  trough ''  of  this  basin. 
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vey  stratigraphy  based  upon  organic  remains  was  ever  uppermofit 
In  the  case  of  the  Rogers  reports  quite  the  reverse  is  true,  the  physical 
side  preponderating  over  eveiything  else.  While  the  value  of  fossils 
in  determining  the  relative  age  of  strata  was  recognized,  yet  out  of  the 
entire  1,681  pages  but  20  are  devoted  to  invertebi-ate  paleontology 
and  47 — by  Lesquereux — to  a  description  and  discussion  of  the  fossil 
flora  of  the  Coal  Measures.  Naturally,  many  of  the  results  given  in 
these  reports  and  the  opinions  expressed  had  found  their  way  into 
print  several  years  earlier,  particularly  through  the  publication  of  the 
American  Association  of  (Geologists  and  Naturalists.  Especially  was 
this  the  case  with  the  results  relative  to  Appalachian  structure. 

Rogers  was  aided  b}^  a  considerable  corps  of  assistants,  many  of 
whom  afterwards  became  noted  in  the  same  lines  of  work.  In  1836 
these  were  John  F.  Frazer  and  James  C  Booth;  in  1837,  Messrs.  S.  S. 
Haldeman,  A.  McKinley,  C.  B.  Trego,  and  J.  D.  Whelpley,  with 
Dr.  R.  E.  Rogers  as  chemist.  In  1838  Messrs.  H.  D.  Holl,  J.  T. 
Hodge,  R.  M.  Jackson,  J.  C.  McKinney,  P.  W.  Schaeffer,  T.  Ward, 
and  M.  H.  Bove  were  added  to  the  force.  In  1839  J.  Peter  Lesley 
and  Doctor  Henderson  were  added  in  place  of  Messrs.  Whelpley  and 
McKinney,  who  resigned.  In  1840  the  personnel  was  essentially  the 
same.  In  1841  it  was  reduced  to  Messrs.  McKinley,  Holl,  Jackson, 
Lesley,  Boye,  and  Doctor  Rogers.  In  1851  the  geological  assistants 
were  Prof.  E.  Desor  and  W.  B.  Rogers,  jr.,  Peter  I^sley  and  A.  A. 
Dalson  serving  as  topographers. 

The  first  volume  of  thesis  reports  treated  of  the  metamorphic  rocks 
and  the  Paleozoic  strata.     The  second  volume  began  with  a  discussion 
of  the  coal  basins  of  the  State,  to  which  over  ()(H)  pages  were  devoted. 
Some  Ho  pages  were  devoted  to  a  discussion  of  the  rocks  of  the  Me.so- 
zoic  red  sandstont*  series,  which   was  followed  by  a  discussion,  tirst 
upon  the  igneous  rocks  and  minerals  with  special  bearing  upon  their 
economic   value;  second,  the  conditions  of    the  physical    geogmphy 
during  the  laving  down  of  the   Paleozoic  strata  of  the  United  States; 
third,  the  organic  remains  of  the  State;  fourtli,  the  laws  of  structure 
of  the  more  disturbcul  zones  of  the  earth's  crust;  iifth,  the  classifica- 
tion of  the  several  types  of  petrographic  structure  illustrated  in  the 
Appalachians;  sixth,  tin*  coal  lields  of  the  United  States  and  British 
provinces,  with  their  chemical  and  physical  characters;  seventh,  the 
method  of  searching  for,  o|)ening,  and  mining  coal,  as  pursued  in 
PiMinsylvania;  eighth,  foreign  coal  fields  and  coal  trade  and  statistics 
of  the  iron  trade. 

The  nonfossiliferous  rocks  underlvinif  the  old  Paleozoic  were  classi- 
fied  as  Ihjpozo'tc  or  true  metamorphic  and  Azoic  or  semimetiiniorphic, 
the  Hypozoic  including  the  true  gneisses  and  crystalline  schists,  and 
the  Azoic  or  semimetamorphic  strata   "various  coarse  talcoid   and 
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•iloritic  schists,  semiporphyritic,  aronaceou.s  grits  and  conglomeratejs, 
md  jaspeiy  and  plumbaginous  slatos,"  carrying  veins  and  dikes  of  a 
oetalliferouH  character. 

He  recognized  the  difficulty  in  at  all  times  separating  the  Azoic 
ocks  from  the  overlying  genuine  Paleozoic,  and  also  the  fact  that  it 
light  at  times  grade  into  it  without  a  break.  Also  he  recognized 
le  fact  that  a  portion  of  his  Lower  Paleozoic  was  metamorphic  or 
^minietamorphic.  When  one  reflects  on  how  emphatically  Rogers 
}mbated  Emmons's  Taconic  system,  it  seems  strange  that  he  should 
old  to  these  views. 

The  belt  of  metamorphic  and  semimetaraorphic  strata  extending 
x)iu  Newfoundland  to  Alabama  he  designated  as  the  Appalachian  or 
tlantic  Belt,  and  the  one  extending  westward  from  the  north  coast 
f  the  St.  Lawrence  Gulf  to  the  Great  Lakes  as  the  Lauren  tide, 
wring  to  the  fact  that  these  latter  rocks  were  well  developed  in  the 
aurentide  Mountains. 

The  semimetamorphic  Azoic  rocks  he  considered  as  licher  in  miner- 
Is  than  the  true  gneisses,  and  to  these  he  referred  the  schists  of  the 
llantic  <*oa8ts,  bearing  lead,  copi>er,  zinc,  and  iron,  and  the  auriferous 
uart«  veins  of  California. 

The  Paleozoic  formation  proptu-,  which  was  estimated  to  cover  prob- 
bly  one-half  of  the  total  area  of  the  United  States  and  to  have  a  total 
lickness  of  from  30,(X)0  to  35,000  feet,  was  divided  into  fifteen  distinct 
iries  or  sets  of  formations,  *' extending  from  the  deposits  which  wit- 
essed  the  very  dawn  of  life  upon  the  globe  to  those  which  saw  the 
o.se  of  the  long  American  Paleozoic  day."*  The  names  assigned  to 
lese  formations  he  regarded  as  *' significant  of  the  different  natuml 
eriods  into  which  the  dav  divides  itself,  from  the  earliest  dawn  to 
rilight."  These  were,  beginning  with  the  oldest,  Primal,  Auroml, 
latinal,  Levant,  Surgent,  Scalent,  Pre-Meridian,  Meridian,  Post- 
[eridian,  Cadent,  Vergent,  Ponent,  Vespertine,  Umbral,  and  Send — 
gnifying  the  I>awn,  Daybreak,  Morning,  Sunrise,  Ascending  day, 
igh  morning.  Forenoon,  Noon,  Afternoon,  Waning  day,  Descending 
ly,  Sunset,  Evening,  Dusk,  and  Nightfall.  These  terms,  Imsed  on 
ne,  he  considered  prefemble  to  the  inexpressive  ones,  mainly  of  a 
ographic  character,  then  in  vogue. 

The  Primal,  Auroral,  and  Matinal  were  regarded  as  the  approximate 
presentatives  of  Sedgwick's  Cambrian;  the  Levant,  Surgent,  Scalent, 
d  Pre-Meridian,  near  representatives  of  the  Englisli  Silurian,  begin- 
ig  with  the  Upper  Caradoc  Sandstones.  He  recognized  both  a 
ysical  and  paleontological  break  in  the  succession  of  stnita  at  the 
atact  of  thene  two  great  divisions  of  the  Paleozoic  system.  At  the 
ie  of  the  Carboniferous  he  thought  to  recognize  a  break  correspond- 
rly  sharp. 
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The  entire  Paleozoi**  sv.st43in  wa«s  thus  divided   into  three  natural  P 


divisions,  us  follows: 


Upper  Paleozoic  . 


Middle  Paleozoic. 


Serai 

Ilmbral K'*^r>K>niferou8 

Vespertine.- . 

Ponent 


Veiyent 
Ca<lent . 


1  Alter  Devonian 
and  Carbonifer- 
ous. 


Coal  Measures. 
Middle  Carboniferous 
I^wer  CarboniferouH. 
Catskill. 

Chemung  and  Portage. 
Genesee,  Hamilton,  and  Mm- 
cell  us. 


PoHt.Meri.lian.U,,,^^  Devonian .  J^'PPf  Helderl^rg 
Meridian )  [Onskany. 

liower  Helderberg. 
Pre-Meridian 

Scalent 


1/Ower  Paleozoic  .. 


Sargent. 
Ivevant  . 

Matinal 
Auroral 
Primal  . 


Silurian 


Cambrian 


Onondaga  Salt  (iroup  and  Ni. 

agara  Limestone. 
Clinton. 
Medina. 
Trenton  Limestone,  Uticaand 

Hudson  River  slates. 
Hlack  River,  Chazy  limestone, 

and  Caloiferous  sandstone. 
I*otsrlam. 


The  sediments  making  up  these  Paleozoic  strata  were,  according  to 
his  views,  derived  from  a  land  areu  now  occupied  bv  the  Tertiary 
seaboard  plain  and  the  waters  of  the  Atlantic  Ocean.  This  deposition 
was  preceded  by  a  wide  movement  of  depression,  which  be^n  in  tie 
south  or  southwest  and  permitt^^d  the  waters  of  the  Appalachian  sea 
to  occupy  what  is  now  the  upper  half  of  the  southern  Atlantic  slope. 
There  was,  however,  h^ft  above  water  to  the  southeast  of  the  present 
Atlantic  plain,  a  large  tract  of  continent  or  great  chain  of  islands 
which,  with  numerous  fluctuations  in  their  limits,  remained  as  such 
down  to  the  close  of  the  C-arboniferous  period. 

H(»  considered  it  as  "susceptible  of  demonstration  that  the  various  } 
coal    basins,  bituminous  and  anthmcitic,  of  Pennsylvania,  Maryland,   j 
Ohio,  Vircfinia,    Kentuckv,  and  Tennessee   were  origiiiallv  united," 
''the  whole  asoni*  ifi'cat  formation."     This  is  essentiallv  the  view  hold 
to-day.     Th(^  structure  of  the  coal,  as  he  view(»d  it,  rendered  ''it  ap- 
parent that  no   irregular  dispersion  of  the  vegetable  matter  by  any 
conceivai)le  mode  of  drifting     *     *     *     could  produce  the  phenomena 
which  th(»v  exhibit/'  and  he  could  not  conceive*  of  "'anv  state  of  the 
surface  adapted    to  account  for  these  appearances,  but   that   in  which 
the  margin  of  the  sea  was  occupied  by  vast  marine  savannahs  of  some 
peat -creating  plant,  growing  half  innuers(*d  on  a  perfectly  horizontal 
plain,  and  this  fringed  and  interspersed  with  forests  of  trees,  shedding 
their  Ieav(»s  on  thcMuarsh."     In  this  he  agreed  with  l^eaumont,  though 
his  evidence  was  of  ditl'erent  character.     He  further  believed  that  the 
coal  material  became  finally  engulfed  through  earthquake  action,  the 
sea  receding  and  then  returning  once  more  laden  with  detritus,  carry- 
ing  cnerjthing  before  it  and  reaching  far  inland.     Thus  the  entire 
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ginal  forest  growth  might  be  uprooted  and  as  the  sea  again 
eated  the  material  would  bo  spread  broadcast  and  mixed  with 
rse  roc'k  detritus.  When  finally  the  earthquake  paroxysms  ceased 
the  sea  became  quiet,  the  fine  silt  in  suspension  was  deposited, 
iiing  thus  the  soil  for  another  growth. 

he  regular  decrease  in  the  amount  of  volatile  bituminous  inatter  in 
coal  as  one  passes  from  west  to  east  was  accredited  to  the  action 
he— 

lifdous  quantity  of  intensely  heateil  nteam  and  gaseous  matter  emitted  through 
crust  of  the  earth,  by  the  almost  infinite  number  of  cracks  an<l  crevices  which 
t  have  been  produced  during  the  undulation  and  i)ermanent  bending  of  the  strata, 
•coal  in  the  east  basin  would  thus  Ihj  effectually  steamed,  and  raised  in  tempera- 
in  every  part  of  the  mass  would  discharge  its  bituminous  matter  in  proportion 
le  eneivy  of  the  disturbance. 

Logers,  it  should  be  noted,  found  in  the  American  Carboniferous  no 
jgnizable  base  defined  by  organic  remains  alone,  and  in  his  claasifi- 
on  relied  mainly  on  the  suddenness  of  the  change  from  marine  to 
restrial  forms  and  the  rapid  appearance  of  that  amazing  vegetation 
racteristic  of  the  coal  period. 

le  conceived  the  Connecticut  red  sandstone  as  having  been  depos- 
l  on  sloping  shores  within  a  narrow  estuary,  its  greatest  depth  near 
eastern  margin,  the  material  itself  having  been  derived  from  the 
\t.  The  sandstone  west  of  the  Hudson  in  New  York  State  he 
ieved  to  have  been  deposited  in  an  estuary  having  its  greatest  depth 
the  northwest,  the  materials  being  derived  from  the  southeast. 
5  period,  he  argued,  was  ushered  in  by  a  sudden  agitation  of  the 
ion,  resulting  in  an  abrupt  depression  of  the  tidal  portions  of  each 
it  below  the  general  ocean  level.  Into  these  depressions  the  sud- 
ly  displaced  drainage  would  drop  a  lot  of  fragmentary  material 
h  as  would  form  the  lower  lying  conglomerates.  Finer  materials 
ught  in  later  by  stream  action,  and  more  or  less  modified  by  tides, 
med  the  upper  beds.  He  agreed  with  Emmons  in  regarding  thes<» 
sozoic  sands  as  of  Jurassic  and  Oolitic  age. 

)ne  of  the  most  important  chapters  in  the  work  related  to  types  of 
graphic  structure  and  the  physical  structure  of  the  Appalachian 
in,  which  was  worked  out  in  conjunction  with  his  brother,  Prof. 
Hiam  B.  Rogers.  This  formed  the  substiince  of  a  paper  read 
^I'e  the  Association  of  American  Geologists  at  its  third  session  in 
ril,  1842,  and  alread}'^  not^d  under  that  date  (see  p.  870).  It  is 
1  to  recall,  however,  that,  under  the  title  of  DtHlocdtlon  of  an 
\lrliuaJI  Ay*i^  Plune —  flninrrrtt'd  Side  of  Ware  Shored  Orrr  thr 
erted^  he  described  and  illustrated  the  overthrust  faults  of  the 
lem geologist,  and  remarked  on  their  misleading  chamcter,  owing  to 
resulting  dipping  of  younger  strata  beneath  those  which  are  older. 
he  origin  of  valleys  occupying  the  crests  of  anticlinal  ridges,  which 
lesignoted  fi»  **Y»Ueys  of  elevation,"  he  rightly  de^mb^d^^  ^Vkfc\K> 
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the  carving  force  of  waters.  The  mountains  themselves  he  thouphttt) 
have  been  elevated  by  successive  but  'sudden  earthquake  movements 
through  and  above  the  ocean;  the  water  of  which,  as  a  consequence, 
was  propelled  in  gigantic  ])iIIow8  and  rushing  sheets  transversely  across 
the  anticlinal  ridges,  scooping  them  out  where  weakest  into  the  form 
of  terraced  oval  valleys. 

Slaty  cleavage  was  looked  upon  as  due  not  to  movement,  purely,  but 
to  the  action  of  h3at  waves  traversing  the  rocks.  In  proof  of  this, 
he  cited  his  observations  to  the  effect  that,  in  gneisses  lying  in  an 
undisturbed  horizontal  position,  the  foliation  is  almost  invariably  coin- 
cident with  the  stratification,  the  heat  producing  it  having  flowed 
upward,  invading  stratum  after  stratum.  Where  granite  occurs  invad- 
ing gneissic  strata,  the  foliation,  according  to  his  views,  is  parallel  to 
the  plane  of  outflowing  heat.  He  thought  to  discover  two  general 
laws:  First,  that  the  planes  of  foliation  "are  parallel  to  the  waves  of 
heat  which  have  been  transmitted  through  the  strata,''  and  second, 
''the  foliation  is  parallel  or  approximately  so  to  the  cleavage,  when 
]x)th  occur  in  the  same  rock  mass. 

A  singular  and,  to  the  present  writer,  unaccountable  discrepancy  in 
the  work  of  Rogers  lies  in  his  almost  completely  ignoring  the  latest 
glacial  views  as  advocated  by  Agassiz  and  others.  The  fa<'t  that  the 
greater  part  of  the  work  was  completed  and  the  manuscript  prepared 
prior  to  1.S48  can  scarcely  be  considered  a  sufficient  reason,  since  the 
years  1851-1855  were  devoted  to  its  revision  and  bringing  it  up  to  date. 
Moreover,  liis  mention  of  t\w  fact  that  the  marine  Pleistocene  forma- 
tion of  Canada  had  been  desiiifnated  Laurentian  clavs  bv  Desor  (in 
1850),  shows  that  he  was  at  least  conversant  with  the  literature  of  the 
period;  the  fact  that  he  had  considered,  if  not  fully  comprehended, 
Agassiz's  vimvs,  is  shown  by  a  brief  paragrapli,  in  which  he  described 
and  figured  drift  stria'  s(»en  on  an  exposed  surface  of  Umbral  sand- 
stone on  the  south  side  of  the  Wyoming  Valley.  These  are  described 
as  pointing  np  the  slope  toward  tho  southwest,  ''^as  if  produced  by 
fragmentary  dobris  violently  propelled  against  the  sloping  mountain 
wall  of  the  valley  from  the  north/'  The  presence  of  such  ascending 
striae,  both  here  and  elsewhere,  ett'ectually  refuted,  according  to  liis 
conception  of  it,  the  glacial  theory  of  their  origin.  Like  Ilitchcoi'k, 
he  failed  to  conceive  of  other  than  local  mountain  glaciers  of  the  Swiss 
type  Without  mentioning  the  name  of  Agassiz  or  other  of  his  col- 
lai>orators  than  that  of  Desor,  he  gave  the  following,  eveti  then  anti- 
quated matter,  after  a  general  discussion  of  the  distribution  of  the 
drift  aiul  the  various  phenomena  acccmipanying  it.  For  the  earlier 
drift,  it  should  be  noted,  he  offered  no  explanation  whatever  other 
than  implied  in  a  reference  to  a  period  of  repose  which  '^seimrated 
the  convulsed  epochs  of  the  earlier  general  and  later  local  drift.'' 

A  ready  explanation  of  the  origin  of  tliis  newest  Pleistocene  deposit  (i.  e.,  that  of 
the  HudfDii  and  Lake  Champlain  (\istricti^)  su^rgest:^  itself  when  we  consider  the 
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fiatare  and  energy  of  the  <;ru8t  niovemeiitH  whidi  lifted  the  r.«aiirentian  (*layH  and 
ainds  to  a  beigrht,  in  one  locality  at  leaft,  of  not  lees  than  oOO  feet,  and  which  drained 
wide  tracts  of  the  Upper  I^urentian  laken.  The  mere  agitation  or  pulsating  niovt*- 
ment  of  the  crust,  if  unaccompanie<l  by  any  fK^nnanent  nplift  of  the  land,  would 
nffice  we  would  think,  by  lashing  the  waters  (»f  the  ti<lal  estuaries  in  one  quartt»r 
ind  the  hikes  in  the  other,  to  strew  a  portion  of  the  older  drift  lK»rdering  all  those 
harins  in  wide  dispersion  u|>on  the  top  of  the  more  tnuupiil  sediments;  but  if  such  a 
paliAtion  of  the  crust  were  acTomi)anie<l  with, successive  j)ar<)xysnial  liftings  of  wide 
tracts  of  the  land,  then  the  inundation  would  take  the  form  of  stuiK»ndous  currenta, 
the  strewing  jwwer  of  which  would  l)e  adequate  to  any  amount  of  superficial  trans- 
portation, even  to  the  remote  transportation  of  the  larger  erratics. 

His  ideas  regarding  vein  formation  and  the  origin  of  quartzite  were 
equally  crude.  Tfriis,  speculating  on  the  wide  distribution  of  the  Pots- 
dam sandstone,  its  remarkable  uniformity  and  purely  cjuartzose  nature, 
he  wrote  with  particular  reference  to  the  last: 

3Iay  we  not  conjecture  that  this  *  *  *  was  supplie<i  from  the  great  dikes  and 
vdns  of  auriferous  quartz,  which  *  *  *  issued  in  a  melted  condition  through  the 
I'ents  and  fissures  of  the  crust  (»ver  all  the  region  of  the  Atlantic  slope.  *  *  * 
Outgushing  b^Klies  of  this  quartz  mingled  with  volcanic?  steam,  and  suddenly  chille<l 
and  pelted  uiwn  by  cold  and  heavy  rains,  may  have  l>een  granulate<l  into  sand,  as 
would  «»ccnr  with  heate<l  unanneale<l  glass,  and  then  washed  in  copious  streams  into 
brr«ul,  shallow,  and  tide-moved  s<»a,  and  there  gradually  dis])crsiHl  and  precipitated. 

From  the  above  it  will  appear  that  Rogers  was  a  catastrophist. 
Further  than  that,  viewed  in  the  light  of  to-da\\  many  of  the  conclu- 
sions which  he  drew  from  observed  phenomena  and  the  theories 
advanced  are  strikingh'  absurd  for  a  man  of  his  learning.  This  is 
particularly  true  with  reference  to  his  ideas  on  the  formation  of  anthra- 
cite (p.  372),  the  origin  of  valleys  (p.  498)  and  mountain  chains  (p.  371), 
and  that  of  the  Potsdam  sandstone  just  mentioned.  Indeed,  his  entire 
work  well  illustrates  the  peculiar,  uneven  make-up  (if  I  may  be  allowed 
the  expression)  of  some  of  our  best  workers.  Gifted  with  a  mind 
unequaled  for  power  of  observation  and  deduction,  he  was  yet  wholh' 
deficient  in  theory."  '''  Great  men,  of  great  gifts  you  shall  easily  find, 
bat  symmetrical  men,  never." 

"The  work  was  favorably  reviewed  in  tlie  American  Journal  of  Science  for  Novem- 
ber, 1859,  almost  the  only  unfavorable  criticb*m  relating?  to  the  deliciency  of  j)aleon- 
tological  work  and  the  geological  nomenclature  adopted.  **  The  author  has  left  this 
great  department  (of  paleontology)  of  the  survey  to  future  workers.  This  being  so, 
the  author  has  hardly  a  broad  enough  ])asis  for  the  institution  of  a  new  system  of 
nomenclature  and  of  sulxlivisions  for  the  Pale<izoic  formations,  and  esjH»<'ially  for 
<liverging  in  these  respects  from  the  New  York  survey,  in  which  tin*  sulxlivisions 
had  been  founded  upon  a  thorough  study  of  the  c)rganic  remains.  The  names  of 
these  subdivisions,  Auroral,  Matinal,  T^^vant,  Surgent,  and  so  on,  can  not  lx»  provetl 
to  be  better  than  those  before  adopted.  They  are  founded  on  the  idea  of  a  Paleozoic 
^Jj  which  has  had  no  existence  excejit  in  the  fancy  of  the  writer.  This  unfortunate 
hiunework,  about  which   Professor  Rogers  has  clustered    his  facts,  is  no  serious 

• 

impediment  to  the  geological  reader  who  has  a  key  at  hand  for  comparison. 

The  work  is  a  great  one,  worthy  of  the  State  which  authorized  the  survey.  It 
Contains  a  vast  amount  of  infonnation  in  all  its  departments,  and  will  ever  rank 
imoDg  the  most  important  of  the  rei)ortfi  of  the  geology  ot  the  V>iv\\jeA.^\a\>^. 
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As  previously  noted  (p.  433),  J.  G.  Norwood,  State  geologist  of  Illi- 
nois, was  succeeded  in  1858  by  Amos  H.  Worthen.     Under  the  latters 
direction  the  survey  lasted  until  1875,  when  active  field  work  was  dis- 
continued, owing  apparently  to  an  indisposition  on 
Work  In  luinois.        the  part  of  the  legislature  to  provide  the  necessarv    < 

1858—1875  MT  ^  t  - 

funds.  Six  volumes  of  reports  had  been  issued  up  to 
this  time,  and  by  the  aid  of  subsequent  special  appropriations,  two 
more  were  completed,  the  last  bearing  the  date  1890,  and  on  the  title 
page  the  name  of  Joshua  Lindahl,  State  geologist,  and  Worthen  as 
director.  The  total  published  results  of  this  survey  amounted  to 
upward  of  4,(X)0  imges  of  text  and  197  full-page  plates  of  fossils. 

Worthen  was  aided  at  various  times  during  the  work  by  J.  D. 
Whitney,  Leo  Lesquereux,  Henry  Engelmann,  J.  S.  Newberry,  F.  R 
Meek,  H.  C  Freeman,  H.  M.  Bannister,  H.  A.  Green,  James  Shaw, 
G.  C.  Broadhead,  Orestes  St.  John,  and  E.  T.  Cox.  The  work  of 
Whitney  naturally  related  to  the  mining  problems  of  the  State, 
Lesquereux  to  the  paleobotany.  Meek  to  the  invertebrate  paleontol- 
ogy, Newberry  to  the  vertebrate  paleontology,  and  the  others  men- 
tioned to  general  stratigi'aphy. 

In  the  first  vohime  of  his  work  Worthen  divided  the  sub-Carlwn- 
iferous  into  five  groups:  The  Chester,  St.  Louis,  Keokuk,  Burlington, 
and  Kinderhook,  the  term  Che^ster  group  being  used  in  place  of  the 
Kaskiiskia  of  Hall,  and  the  St.  Louis  including  the  Warsaw  of  Hall. 
The  })luc,  green,  and  chocolate-colored  shales  immediately  underlyintr 
the  Kinderhook  group  in  western  and  southern  Illinois  he  regarded  as 
Devonian. 

Whitney,  in  his  report,  regarded  the  Galena  limestone  as  the  '*sole 
depository  of  lead  in  western  Illinois,"  a  view  not  quite  in  agreement 
with  that  (expressed  with  reference  to  the  Iowa  and  Wisconsin  fields 
Two  maps  were  given  in  this  report  -one  a  geological  map  of  the 
northwest  corner  of  the  State,  and  the  other  showing  a  diagram  of 
the  l(»ad-l)earing  crevices  near  (Jalena.  The  origin  of  these  lead- 
bearing  crevices  "'seems  to  be  the  same  cause  by  which  what  are  called 
joints  })y  geologists  have  been  formed  in  almost  every  variety  of  nx'k, 
occurring  in  large  homogeneous  masses,  and  especially  where  a  decided 
crvstiilline  texture  exists  in  them."  The  course  of  the  maiuvsetof 
fissures  he  thought  might  have  been  determined  by  the  axis  of 
upheaval,  i)v  which  tlu*  whole  rt^gion  had  been  slowly  elevated  alon^' 
the  north  }>oun(!arv  of  the*  district,  the  metals  themselves  haviniT  1>^'<^*" 
held  in  solution  in  oceanic  waters  and  precipitated  through  the  agency 
of  (ieconi|)osing  organic  matter.'' 

"Tliis  is  essentially  the  view  held  to-day,  with  this  difference:  Most  geoloj^^ 
l>elieve  that  the  ore  was  originally  disseminated  tliroughout  the  limestone,  and  that 
it  has  hecnme  segregated  in  veins  and  iK>ckets  through  the  leaching  action  o( 
meteoric  waten?. 
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lereux,  in  connection  with  his  paleobotanical  work,  took 
1  to  announce  his  adherence  to  the  view  that  the  coals  were  the 
)f  the  accumulation  of  sphagnous  mosses,  in  place,  i.  e.,  were 
't.  He  also  introduced  a  chapter  on  the  origin  of  prairies,  in 
he  took  the  ground  *•' that  all  the  prairies  of  the  Mississippi 
were  formed  throuufh  the  slow  recession  of  sheets  of  water  of 
\  extent,  where b}^  the  existing  lakes  were  gradually  transformed 
amps  and  bogs  and  ultimately  into  dry  land.  The  black  sur- 
1  of  the  prairies  he  thought  to  be  due  to  the  growth  and  decom- 
i  of  bog  vegetation,  confervse,  etc."  With  this  view  Worthen, 
fifth  volume  of  the  reports,  did  not  wholly  agree.  No  one 
he  thought,  was  sufficient  to  explain  all  the  phenomena  noted, 
the  chief  cause  of  the  treelessness  of  the  prairies  he  felt  to  be 
ihe  character  of  the  soil  itself.  The  loess  Worthen  regarded  as 
atile  origin.     Concerning  the  origin  of  the  drift  as  a  whole,  he 

t  will  be  seen  that  the  first  and  greatest  of  the  drift  forces  wis  the  glacier; 

floating  iceberg  and  w.  field  produced  their  results,  carrying  the  large 
1  from  place  to  place  and  dropping  them  over  the  ice-cold  seiis;  and  lastly, 

and  current  force  of  water,  after  the  ice  had  in  part  or  altogether  melted, 
he  loose  clays,  sands,  and  sul»*oil8,  substantially  as  we  find  them. 

s  second  report,  published  in  1866,  Worthen  adhered  to  the 
ination  first  published  in  the  Transactions  of  the  Philadelphia 
ly  of  Sciences,  1865,  to  call  by  the  name  of  the  Cincinnati  group 
ks  of  the  State  grouped  })y  Hall  under  the  name  of  Hudson 
This  volume  was  devoted  wholly  to  the  paleontology  of  the 
ind  contained  articles  by  Newberry,  Meek,  Worthen,  and  Les- 
<,  Newberry,  in  his  work  on  the  fossil  fishes,  accounted  for 
ndance  of  some  of  these  forms  in  certain  strata  aw  due  perhaps 
sudden  introduction  of  ** heated  waters  or  noxious  gases"  in 
boniferous  seas  where  these  forms  lived. 

;hird  volume  appeared  in  1868,  and  was  given  up  to  a  discus- 
•  the  geology  of  the  various  counties,  with  paleontology  by 
nd  Worthen. 

fourth  volume  appeared  in  1870.  It  was  devoted  quite  largely 
>botany  by  Lesquereux,  vertebrate  paleontology  by  Newberry 
brthen,  and  descriptive  geology  of  the  various  counties  by 
jn.  Bannister,  Bi-adley,  and  Green. 

then  was  born  in  Vermont  in  1813,  and  educated  in  the  com- 
hools  and  the  local  academy.  In  1834  he  emigrated  to  Ken- 
and  in  1836  removed  thence  to  Warsaw,  Illinois,  where  he 

made  his  permanent  home.    Until  1855  he  was  engaged 
wortbMi.    in  mercantile  pursuits,  but  devoted  all  his  spare  time 

to  a  study  of  the  local  geology,  to  which  he  was  at- 
by  the  abundant  fossil  remains  for  which  the  region  was  noted. 
LT  MU8  1904 ^32 
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At  the  time  he  began  his  work  satisftictory  text-books  wei-i 
the  difGcultJe."  which  he  encountered  in  addition  may  be  b< 
stood  when  it  i8  remembered  that  work  wits  undertaken  d 
fifty  years  ago,  when  i-ailroads  were  pi-actically  unknown,  w 
age  on  a  single  letter  cont  "25  ecnt»,  and  when,  moreover,  n 
scai-co  and  labor  cheap.  There  being  no  overland  freight  ( 
lines,  all  his  exclianges  of  specimenc  with  friends  in  the  I 
made  by  means  of  Misisissippi  River  steamboats  between  Wi 
New  Orleans,  and  Gulf  of  Mexi(;o  and  Atlantic  sailing  vessel; 
New  Orleans  and  BoMton.  Often  months  would  elapse  bet 
time  of  hi«  seniHngs  and  return  of  exchange  material. 

In  1851  Worthen  first  began  a 
upon  the  meetings  of  the  Americai 
tion,  and  in  1853,  as  noted,  took  | 
survey  of  the  State  of  Illinois,  i 
direction  of  .1.  G.  Norwood.  Fr 
1857  he  was  assistant  to  James  H 
survey  of  Iowa,  and  in  1858  was  n: 
geologist  of  Illinois  in  place  of 
as  already  mentioned. 

Wortben's  own  lalmrs  related  p 
to  the  Carboniferous  rocks,  and  t 
loiijrs  till'  cirodit  ()f  being  the  firs 
oiil  the  inic  ri'liitions  of  tbi-  divi>i. 
Lower  Ciii-liuiiifci-ous  system  inth 
I'eiMiiiiilly,  as  we  are  told  by  h 
phiM',  \V<ivthcn  WHS  of  nuiTiJy  procnce.  kindly,  candid,  and 
teiitiou<  niiinncr,  inipulsivc  :niii  generous  to  his  friends,  charil 
to  those  with  whom  lits  Imd  litlle  synipnthy,  lint  uncoiiiproini!- 
love  of  justice  and  sciciititii:  truth.  His  thorough  interest  in 
is  shown  by  his  piTsislent  continuation  of  the  same  under 
adverse  conditions.  Again  and  again  his  work  was  in  dimg< 
pension  by  tlie  thrciifened  fiiiUtre  of  the  neces.sary  appropri 
the  legislature,  and  more  tliati  once  they  were  so  far  ivd' 
only  the  nnwt  careful  niiinagoiuent  averted  disaster.  On* 
1S75-1ST7  the  appropriations  were  allowed  to  entirely  fai 
<-ontiiuii'd  his  work  without  conipensiitiou  and  with  such  sii 
purpose  that  tbej'  were  resumed  by  the  next  legislature. 

Les(|nercu.\,  whose  paleobotanical  work  has  been  on  seveml 
described  in  these  pages,  and  to  wlmni  we  shall  again  hav( 
to  refer,  was  l)orn  at  Flcurii-r,  Switzerland,  in  ISOH,  and 
America  with  Arnold  (iuyot,  about  ls4s.  Ili>  early  scientil 
were  on  living  plants;  but  latei-.  and  particularly  after  c 
Anioi-ica.  ho  turned  his  atlenlioii  ahno-,!  exclusively  to  fos^ 
His  work  on   the  coal   plants  of   Ohio.    PeTnisylvaniu;   llli 
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Arkausas  bej^an  in  1S50,  and  his  papers  appoai-  in  the  geological  sur- 
vey reports  of  all  these  Stat«s.  His  work  on  the  coal  flora  of  Penn- 
sylvania wan  particularly  valuablo,  forming  what  was 
at  the  time  the  most  inipoitant  work  on  Oarboniferom* 
plant;)  puhl  inhed  in  America.  1  josquereux  Iwcame  early 
ponoected  with  the  Ilayden  surveys,  and  to 
tiietime  of  his  death,  in  !88it,  waa  actively 
engaged  in  the  study  of  the  itiaterialH  col- 
lected by  nieml>erM  of  this  organization. 
Deaf  from  early  manhood,  a  foreigner, 
with  but  jxior  conmiand  of  English,  he 
libored  under  enormous  disadvantages. 
To  an  interviewer  he  once  remarked: 

Thtt  Hcienre  Btddciit'H  life  U  al)9orb*il  witli  (?rave 
ind  Beriima  truths;  they  arc  naturally  Berioiie  men. 
My  aHtociatioiiii  have  been  almoet  entirely  of  a. 
■rientilic  nature.  My  deafncsx  I'tit  me  off  from 
CT«rythiiit[  that  lay  outside  of  w-ientv.  I  liave 
livH  with  nature,  the  roirks,  tlie  trees,  the  Howen". 
They  know  me.  I  know  them.  AH  outaide  are 
dead  to  me. 

In  April,  1H58,  Henry  Youle  Hind,  of  Toronto,  was  authorized  by 
tile  provincial  government  of  Canada  to  explore  the  region  "lying  to 
the  west  of  I^ake  Winnipeg  and  Red  River,  and  cnibiaced  (or  nearly 
mi]  iietweeu  the  rivers  HaMkatchewan  and  Assiniboim?.  as  far  west  lis 
South  Branch  House  on  the  fornu^r  river."  lie  wa^  directed  further 
„  to  procure  all  the  information  in  his  power  rospi-ct- 

niM'a  Work  Id  Ibe      .      ^     ,  ,  ,     ,  .  '  ,       '  , 

WjuiperCoBitT.  ing  the  geology,  natural  history,  topography,  and 
meteorology  of  the  region.  The  work  was  accom- 
plished I>etw3en  June  14  and  October  31,  the  results  being  imblishe<l 
in  1859  in  form  of  a  thin  quarto  volume  of  201  pages,  with  a  colored 
geological  map,  two  plates  of  fossils,  and  other  maps,  figures,  and  sec- 
tions. The  region  was  de8uril>ed  as  occupied  by  I^aurentian  gneisses 
to  the  east  of  Lake  Winnipeg,  succeeded  to  the  west  by  Silurian. 
Devonian,  and  Cretaceous  formations.  The  Oretaceous  fossils  were 
descrilied  by  F.  B.  Meek  and  the  Devonian  and  Silurian  forms  by 
E.  Billings. 

Hall's  principal  contribution  to  strictly  physical  geoli>gy  was  that 
relating  to  the  accumulation  of  sediments  and  the  formation  of  moun- 
tain chains.  The  lirst  brief  announcement  of  this  was  made  in  his 
HaO'iviewion  reports  On  the  geology  of  Iowa,  (p.  46i>).  In  1857  he 
fSSSSinBM^^  brought  the  matter  before  the  public  once  more  in  his 
"•*■  address   before    the   American   Association    for    the 

Advaocement  of  Science,  at  Montreal.     This  addrcs.s  was,  however, 
not  printed  at  the  time,  and  it  was  not  until  two  years  later  that  he 
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foniiulatod  his  views  and  gave  th(»m  in  ext<>nsion  in  part  six  of  the 
third  volume  of  the  Natural  Ilistorv  of  New  York.  In  1869,  in  an 
address  on  the  (ireological  History  of  the  North  American  Continent, 
delivered  before  the  American  Institute  of  New  York,  he  reiterated 
many  of  the  opinions  previously  announced,  and,  finally,  in  IS82 
brought  out  tiie  original  address  of  1857,  and  this,  it  is  said,  without 
revision.  Whatever  changes  or  additions  it  was  found  desirable  to 
make  were  tidded  in  the  form  of  supplementary  notes.  The  subject 
may,  therefore,  be  conveniently  reviewed  at  this  date  (18510. 

Hall  had  shown  that  one  simple  and  intelligible  sequence  of  strata, 
from  the  Potsdam  sandstone  to  the  end  of  the  Coal  Measures,  covered, 
with  slight  exceptions,  the  entire  country  from  the  Atlantic  slopes  to 
the  base  of  the  Rockv  Mountains,  and  that  while  the  horizontsil  strata 
gave  th<»ir  whole  elevation  to  the  highest  parts  of  the  plain,  the  same 
beds  were  folded  and  contorted  in  the  mountain  region,  thus  giving  to 
the  mountiiin  elevation  not  one-sixth  of  their  actual  thickness.  He 
thought  to  have  shown  conclusively  that  the  line  of  greatest  accumu- 
lation of  sediments  had  b(»en  along  the  direction  of  the  Appalachian 
chain;  in  other  words,  that  the  Appalachian  chain  was  itself  due  to 
the  original  deiX)sition  of  mati^rials  and  not  to  an}-  subsequent  action 
or  influence  breaking  up  and  dislocating  the  strata  of  which  it  was 
composed. 

Discussing  the  cause  of  this  folding  and  plication,  he  referred  to  the 
fact  previously  recognized  1)V  Herschel  to  the  effect  that  sen  bottoms 
when  l()ad(»(l  by  acHuniulated  sediments,  undergo  a  process  of  8ul>si- 
dence  which  nuiy  cause  an  elevation  of  the  adjacent  continental  areas, 
a  principle  wbicli  was  then  becoming  generally  recognized  and  which 
uas  since  biM'onie  known  under  the  name  of  if<o.stacy,  VV^hen,  then,  thc^t' 
sediments  were  spn^ad  along  a  belt  of  sea  l)ottom,  as  originally  in  the 
line  of  the  present  Appalachian  chain,  the  lirst  effect  would  be  to  pro- 
duce a  yielding  of  the  (^artlfs  crust  l)eneath  and  a  gradual  sui)si(UMue. 
F^vidence  of  this  subsidence  was  furnished  by  the  great  amount  of 
material  accunuilated,  for  it  was  impossibh\  he  argued,  to  sii))]M)so 
that  the  s(»a  had  bet^ii  originally  as  deep  as  the  thickness  of  the  luru- 
nnilations  (some  40,000  feet). 

riie  line  of  greatest  de]^r(^ssi()n  would,  therefore,  be  along  the  \m'> 
of  greatest  aceuniulation.  \\\  such  a  process  of  subsidence  the  lowrr 
side  of  theaecunudations  would  become  yfraduallv  curved  and  stretohtHl. 
and  there  would  follow,  as  a  secjuence,  rents  and  fractures.  On  the 
surface  alxne,  which  would  l>e  contractcMl  horizontal Iv  bv  such  sub- 
sidence,  there  would  i)e  productui  wrinkles  and  foldings  of  the  strata. 
Into  the  rifts  formed  l)elow  it  was  conceivable  there  might  rush  fluid 
or  semifluid  material,  producing  what  are  now  evident  as  trap  dikes. 

The  sinking  of  th*^  mass  would   produce  a  great  synclinal  axis,  and 
within  this  axis,  whether  on  a  large  or  small  scale,  would  be  produced 
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numerous  smaller  synclinal  and  anticlinal  axes.     The  greater  amount 
of  compression  above  or  stretching  below  along  the  line  of  maximum 
thickness  of  the  sediments  would  account  for  the  gradual  decline 
toward  the  margin  of  the  major  s\'ncline  or  the  evidences  of  fracture 
and  distortion.     This,  he  thought,  afforded  a  partial  explanation  of 
the  fact  that  mountain  elevations  in  disturbed  regions  bear,  in  their 
altitude,  a  much  smaller  proportion  to  the  actual  thickness  of  the  for- 
mation than  do  the  hills  in  undisturbed  regions;  and,  further,  that  since 
in  the  formation  of  an  anticline  the  beds  are  weakest  at  the  ridge  and 
become  more  liable  to  denudation,  such  are  often  worn  down  to  form 
low  groimd  or  even  deep  valleys,  while  the  synclinal  arches,  being 
protected  in  the  downward  curvings  of  the  beds,  may  remain  to  form 
the  prominent  mountsiin  crests,  as  is  observable  in  the  southern  Appa- 
lachians.    It  nowhere  seemed  to  him  that  folding  or  plication  had  con- 
tributed to  the  altitude  of  the  mounbiins,  but  rather  that  the  more 
extreme  the  plication  the  greater  had  been  the  general  degradation  of 
the  mass  wherever  subjected  to  dermding  agencies. 

The  chief  elevation  of  the  Appalachian  chain,  he  argued,  was  conti- 
nental and  not  of  local  origin,  and  tlie  present  mountain  barriers  to 
him  were  but  the  visible  evidences  of  the  deposits  upon  an  ancient 
ocean  bed,  while  the  determining  cause  of  their  elevation  existed  long 
anterior  to  the  production  of  the  mountains  themselves. 

At  no  p<jint  nor  along  any  lint;  l)etween  \\w  Appalachiiin  and  Rocky  Mountains 
could  the  same  forcen  have  pnxUice<l  a  mountain  chain,  iK'cause  the  materials  of 
accumulation  were  insufficient,  and  though  we  may  trnce  what  aj)pears  to  l>e  the 
gradual  subsiding  influences  of  these  forces,  it  is  simply  in  tliese  instances  due  to  the 
paucity  of  the  material  upon  which  to  exhibit  its  effect,s. 

Referring  to  the  amount  of  metamorphism  which  these  rocks  had 
undergone,  Hall  thought  that  we  nuist  look  to  some  other  agency  than 
heat  for  the  production  of  the  phenomena,  and  that  the  "  prime  cause 
nmst  have  existed  within  the  material  itself;  that  the  entire  change 
was  due  to  motion  or  fermentation  and  pressure  aided  by  a  moderate 
increase  of  temperature,  producing  chemicjil  change."  Just  what  is 
meant  by  this  it  is  difficult  to  say,  but,  inasmuch  as  Hall  seems  to  have 
been  in  consultation  with  Sterry  Hunt,  it  is  safe  to  assume  that  it  was 
intended  to  include  all  possible  causes  which  future  investigation 
might  show  to  have  been  operative. 

Thes4».  views  of  Hall  seem  not  to  have  been  favorablv  receiv(Kl  at 

■ 

first  b}'  the  American  geologists,  and  were  facetiously  referred  to 
by  Dana  as  proposing  a  system  of  mountain  making  with  mountains 
left  out.  To  this  Hall  very  justly  replied  that  he  had  not  intended 
to  offer  any  new  theory  of  elevation,  nor  to  propound  any  principle 
as  involved  beyond  what  had  been  suggested  by  Babbage  and  IIersch(»l. 
What  he  did  intend  to  imply  was  that  mmmtain  elevation  was  due 
to  sedimentary  accumulation  and  subsequent  continental  ehnation. 
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Hunt,  cMiniiiK  to  HhITs  HSKiKtaiut*,  itr^iiod  that  his  viewit  wen-  lar^lv 
in  harmony  witli  thoi«-  pi-pvioiiHly  iiuiintainod  liy  mai^tei^i  in  the 
Hvicince  of  {(voloj^y,  dc  Montloiiicr,  hm  ntrly  tin  Ixii,  having  dcc'lHrcd 
that  the  great  mountain  chains  of  Europe  were  but  the  remains  of 
continental  elevations  which  had  been  cut  away  by  denudation,  the 
foldings  and  inversions  in  the  structure  of  mountains  being  Ictokfd 
upon  OH  local  and  aceidimtal. 

Joseph  I^  Conte,  in  a  later  paper,  was  inclinetl  to  criticitie  t\a\\'s 
theoiT  as  insufficient.  Imt  a  statement  of  his  views,  us  well  as  those  of 
Dana,  may  Iw  left  to  their  proi>er  placf  in  chronological  succ&wiou. 

III  ISSit  Henry  Kngehimnn  accompanied, 

P         j^^^^^^^^l     '^  geologist,  an  expedition  conmtauded  hj 

J^^^^^^^^^m    Capl.  .1.  H.  SinipHun.  oi^nized  for  the 

^f  ^^^H     purjMMw  of  opening  new  wagon  routes  for 

■     _^^J^^^^m     military  pui-poscs  aci-oss  the  (rreat  Bann 

,   ,^lsl^^^"  ^^^^H     "f     Ctah.     Kngelmann^s     report,    acoom- 

^^Hr^b^^fl^^^^H  panied  bv  one  of  Meek'soo 

^H^jfl^^H     i^'tlSTiliw'*"^   the     invertebrate    foasib. 

^^^^ft>«^ir^^^^^l  formed  Appendixes  I  and 

^^^^^^^I^^^H     K  of  the  general  report  of  the  expedition. 

^^^^^^^^^^^^1     Originally,  as  it  would  appear  from  the 

^^^^^1^^^^^^^     text,  the  matiUHcript  was  accompanied  bvi 

^^^H^^^^^^^^^^P     geitlogical  map  and  protile.  though  Hiich  <iu 

Fig.  72.-nc»ry  EnK..|mBnn.  IK't    SCOIIl     ttl      llBVC      IWPII     pulllished.      So 

expliuiHtioii  is  iitfered,  but  it  is  prolnblp 
that  developments  during  the  long  iiitervnl  up  to  tinie  of  piililics- 
tion"  were  such  as  lo  iimke  the  map  of  duulitful  value,  and  it 
was  suppiTssed,  Ciigelnmnit's  obscrviitions  lieguu  with  the  eountry 
in  the  iuuiiedintc  viiiiiity  of  Leavenworth,  lie  noted  the  prej«'iiceof 
roekn  of  Carbon  if  erons  and  IVriiio-CarlKmiforous  ages  along  trie 
Itepubtte^iri  Itivi-r,  au<l  of  tVetticeous  and  'rertiiiry  deposits  farthiT 
west.  In  the  distriet  leading  from  the  eastern  foothills  of  the  Kovky 
Mountains  to  the  divi<le  between  the  waters  of  the  Atlantic  and  Piicilic 
he  thought  to  recognize  rocks  of  Silurian  and  probably  Devonian,  (Jar- 
JKwiifeious.  Permian, Tria."isic,  Jurassic,  ( 'ivtju-eous,  and  Tertiary  Bj(e^ 

"Ouinul"  tlie.iiithrcak  uf  thtic'lvil  wiir,  tlif  [iiililicati'iii  "t  thp  rtjiorl  was  iii-l»yiHi 


CHAPTER  VI. 

THE  ERA  OF  STATE  SURVEYS,  FOURTH  DECADE,  1860-1869. 

The  period  of  the  civil  war  might  naturally  be  expected  to  be  a 
period  of  uncertainty  and  inaction  in  matters  relating  to  the  sciences. 

In  all  the  seceding  States  work  then  in  progress  was  brought 
abruptly  to  a  close,  and  in  several  of  them — as  Missouri,  North  Caro- 
lina, and  Texas — the  records  so  far  lost  or  ruined  through  neglect  as 
to  make  them  well-nigh  valueless  for  future  reference.  Throughout 
the  North  the  results  w^ere  comparatively  loss  disastrous,  though  even 
there  work  was  in  some  instances  temporarily  discontinued,  owing  to 
the  failure  of  legislatures  to  make  the  nec^essary  appropriations.  In 
four  instances,  however  (California,  Indiana,  Maine,  and  New  Jersey), 
surveys  were  established  almost  in  the  midst  of  the  threatened  disaster. 

With  the  passing  of  these  years  of  turmoil,  active  work  was  begun 
once  more  in  States  where  it  had  been  but  temporarily  suspended,  and 
in  others,  new  organizations  authorized,  as  in  Kansas  in  1804,  Iowa 
and  North  Carolina  in  1866,  and  Louisiana,  Michigan,  and  Ohio  in 
1869.  A  futile  and  ill-considered  attempt  at  a  States  survey  of  Nevada 
was  also  made  in  1866  (?),  but,  fortunately  for  the  reputation  both  of 
the  science  and  the  individual,  no  one  was  found  to  undertake  the 
work  under  the  conditions  proposed."  W.  E.  Logan  continued  his 
work  as  provincial  geologist  of  Canada,  and  Murray  and  Richardson 
were  employed  in  Newfoundland. 

The  literature  of  the  decade  was  scarcely  as  voluminous  as  in  either 
the  preceding  or  the  one  following.  B3'  far  the  most  important,  when 
all  is  taken  into  consideration,  was  the  first  edition  of  Dana's  Manual 
of  Geology — a  work  of  798  pages,  which  at  once  took  its  place  as  the 
leading  authority  on  all  matters  pertaining  to  American  Geology — a 
place  which  it  has  continued  to  hold  through  all  its  four  editions  down 
to  the  present.  In  addition  to  this  may  be  mentioned  Logan's  sum- 
mation of  the  geology  of  Canada  (1863)  and  Cooke's  New  Jersey  (1868). 

This  was  largely  an  ei*a  of  new  workers,  or,  at  least,  new  leaders. 
Eaton  was  gone;  D.  D.  Owen  died  at  its  very  beginning;  the  elder 
Hitchcock  had  largely  ceased  his  labors;  while  the  Rogers  brothers  had 
both  become  absorbed  in  the  work  of  teaching  and  administration,  and 
no  longer  took  an  active  part.     Dana  was  undoubtedly  the  leading 

«The  gum  of  $6,000  is  sUittnl  to  have  been  appropriated,  with  the  stii)ulation  that 
the  survey  ))e  completed  in  eij^ht  months. 
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figure,  while  James  Hall,  by  sheer  physical  energy,  dominated  in  mat- 
ters paleontological.  Many  new  names  and  faces  appear.  Among 
them  may  be  mentioned  those  of  T.  B.  Brooks,  E.  Billings,  Rol>ert 
Bell,  E.  T.  Cox,  E.  D.  Cope,  F.  V.  Hayden,  C.  H.  Hitchcoi^k,  W.  C. 
Kerr,  \V.  E.  Logan,  Alexander  Murray,  J.  G.  Norwood,  Edward 
Orton,  R.  Pumpelly,  C.  Rominger,  N.  S.  Shaler,  C.  A.  White,  and 
Charles  Whittlesey. 

As  a  whole,  the  decade  was  one  of  extension  of  the  geographic 
boundaries  of  knowh^lge  rather  than  one  of  discovery  or  announce- 
ment of  new  principles.  Of  all  subjects,  that  of  glaciation  received, 
perhaps,  the  most  attention.  Our  line  of  separation  between  this  and 
the  decade  to  follow  must  be  quite  arbitrary,  since  several  im{x>rtant 
surveys  were  organized  during  1869  and  continued  well  on  into  the 
seventies. 

At  the  ver}'  beginning  of  this  era  there  appeared  R.  Thomassy's 
Geologie  Pratique  de  la  Louisiane,  a  small  quarto  volume  of  '2^ 
pages,  with  rt  plates.     Wh}-  the  word  ''pratique"'  should  have  l)eeu 

introduced  into  the  title  it  is  hard  to  sav,  a  lar^e  pro- 
Practical  Oeoio|ry  of   portion  ot  the  work  bemg  given  up  to  geographical 

and  meteorological  or  physiographical  mattei's,  and  the 
really  geological  portion  limited  to  a  description  and  discussion  of  the 
lower  Mississippi,  its  delta,  and  attendant  phenomena.  Its  appearance 
seems  to  have  excited  little  interest,  not  being  even  noted  in  the 
American  Journal  of  Science,  and  the  few  original  ideals  advanced  arc 
referred  to  bv  lliliifard  and  other  subsequent  writers  onlv  to  >\\ow 
their  erroneous  nature. 

Thoniassy  dw(»It  in  considerai)!!'  dc^tail  upon  the  absorption  of  the 
waters  of  the  Mississippi  ])y  the  i)orous  terranes  above  X(»w  Orleans 
and  their  (H)nNe({uent  diminution  in  volume  s(»award.  The  **n)ud 
lumps,"  so  (common  in  the  lowei*  reaches  of  the  river,  he  regarded  as 
due  to  nuid  springs,  having  their  source  at  a  somewhat  higher  level 
on  the  land  and  opening  upward  in  the  l)ed  of  the  stream. 

He  considered  North  Island,  or  Pittite  Anse,  as  it  is  more  commonly 
known,  as  of  volcanic  oriiiin.  and  thoui^'ht  to  have  discovered  tnues 
of  the  violent  eoi-rosive  action  of  thermal  waters  and  acids  on  the  nnk 
fra<rnients  which  lie  coneeivinl  to  liave  been  ejected  from  the  depth> 
of  the  (rulf  through  explosive  action.  Richard  Owcmi.  it  may  l)e  men- 
tioned, while  serviniT  in  the  Federal  Arniv  and  stationed  at  New 
Ii)eria,  Loui^^iana,  studied  tliese  deposits  cursorily,  and  came  to  the 
conclusion  tiiat  the  island  was  not  volcanic.  On  the  contrarv,  ^ 
thought  the  salt  was  tlie  product  of  evai)orati()n  of  modern  sea  water, 
forming  lagoons  i)eiiind  protecting  ridges  under  the  influence  of  (weH- 
sional  iiigh  tides.     (See  also  HilganTs  views,  p.  5t)l.) 

In    is.M),  largely  through  the  etforts  of  Alexander  Winchell,  then 
protvssov  of  ]>hysics  and  i'\vil  euvcvueev\u\r   iu  the   Stat*^  Univei*sityj 
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TO  was  (^^tublished  a  geological  survey  of  Mieliiji^iiii.     Of  this  Win- 

chell  was  appointed  direetor,  nmkiiiiif  his  fii-st  liei)ort 

BcheU's  Work  In       .  ..  *  ^  ^  ,  .  .,,*^,  /,  .. 

lYAzmn,  185^       of  Frogrcss — ail  CM'tavo  vouinie  of  »^4i>  pa^es— in  Lsbl. 

In  this  re{X)rt  he  calh^d  attention  to  the  futility  of 
forts  then  being  made  to  produce  salt  in  the  vicinity  of  Gmnd 
apids,  and  fully  anticipated  the  development  of  the  same  industry  in 
10  Saginaw  Valley,  his  explorations  enabling  him  to  locate*  the  siilt 
•edjs  at  a  depth  of  050  feet.  Attention  was  given,  also,  to  the  occur- 
ence of  gypsum,  coal,  iron,  and  other  economic  products  and  to  the 
[eo^raphical  distribution  of  rocks  belonging  to  tht*  various  formations 
broughout  the  State. 

•Tho  so-called  Marshall  sandstone  (I^wer  Carboniferous)  h(»  regarded 
n  ()aleontoh)gical  grounds  as  lying  above  the  Hamilton  group.  He 
(>und  evidence  which  led  him  to  conclude  that  the  Ohio  and  Michigan 
f>al  Imsins  were  never  continuous,  as  had  been  heretofore  asserted, 
nd.  indeed,  that  the  geological  column  in  the  latter  Stat(»  had  b(»en 
uilt  up  quite  distinct  and  indeiKMidently  from  that  in  adjacent 
*^i()ns.  He  could  find  no  parallelism  between  the  Carbonift^rous 
uiestones  and  those  lying  farther  to  the  west,  and  all  the  (nith'uce 
idicated  to  him  that  these  deposits  were  laid  down  in  an  isolated 
itsin  cut  off  from  that  of  Ohio  to  the  south  throughout  the  entire 
eriod  from  the  Helderberg  to  that  of  the  drift.  In  conscijuence  of 
u»  outbreak  of  the  civil  war  no  appropriations  wi»re  made  for  the 
>ntin nation  of  the  survev  after  18H1. 

Winchell  was  born  in  the  town  of  Northeast,  Dutchess  ^.'ountv.  New 
ork,  in  1824,  and  graduated  at  Wesleyan   rniversity,   Middletown, 
'onneeticut,  in  1847.     His  scientific  t^mdencies  are  said  to  have  mani- 
fested  themselves  at  a  very  early  age,  although   he 
ketch  of  wincbeii.    sbowed  uo  marked  preference  for  any  branch  of  study, 

unless  it  was  toward  mathematics,  in  which  pursuit  he 
eems  to  have  been  little  shortof  precocious.  Innnediately  after  grad- 
ating he  entered  upon  a  career  of  teaching  and  h^cturing,  which  kept 
im  prominently  before  the  public  for  over  forty  years. 
His  tirst  public  geological  lectures  w(»re  given  at  Pennington  Semi- 
^^y  in  184H.  In  1S50  he  assumed  chargt*  of  an  academy  at  Newbern, 
Alabama,  but  finding  the  conditions  were  not  what  he  had  i)een  led  to 
^'IXict,  he  resigned,  and  in  the  spring  of  1851  opened  the  Mesopota- 
mia Female  StMuinaryat  Kutaw,  in  tin*  sauK^  State.  Finding,  however, 
^ut  he  was  illy  adapted  to  the  successful  management  of  a  Southern 
"^nale  institution,  he  gave  up  this  position  to  acce])t  the  ])n»sidencvof 
^^  Masonic  University  at  Selma,  Alabama.  While  iMigjiged  in  the* 
ork  of  presenting  the  claims  of  this  university  before  the  peoph*  in 
'^e  southern  part  of  the  State,  he  made  extensive  geological  tours 
hroughout  the  region  and  brought  together  large  collections  in  natural 
lijjtory.     In  November,  1853,  he  was  elected  to  the  chair  of  physics 
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and  civil  engineering  in  the  I'niversityof  Michigan,  at  Ann  Arbor,  and 
entered  uix>n  his  duties  in  Jiinuarv,  1854. 

In  1859  he  was  commissioned  by  Governor  Moses  Wisner,  of  Mich- 
igan, as  State  geologist,  as  above  noted,  holding  the  position  for  two 
years,  when  the  survey  was  abolished  through  failure  on  the  part  of 
the  K»gislature  to  make  proi>er  provisions  for  its  continuance.  He 
issued  while  holding  this  office  one  Report  of  Progress,  an  oijtavo  vol- 
ume of  339  pages,  published  in  August,  1861.  In  1S69  the  survey  wa-s 
reorganized  and  Winchell  again  appointed  director,  he  assuming  for 
himself  the  personal  investigation  of  the  lower  peninsula.  His  report, 
a  small  oc^tavo  volume  of  (>4  pages,  appeared  in  1871.  the  previous 
report  on  the  Grand  Ti'averse  region,  a  work  of  97  octavo  pages,  hav- 
ing appeared  in  iH&\, 

Owing  to  hostility  over  the  management  of  the  survey,  which  had 
been  aroused  in  the  legislature  by  personal  enemies  of  Winchell,  it 
appeared  likely  that  the  appropriations  for  carrying  on  the  survey 
would  fail.     Hence  he  resigned  the  position  in  1871. 

In  1873  Winchell  resigned  also  his  professorship  at  the  University 
of  Michigan,  accepting  the  position  of  chancellor  of  Syi"acuse  Univer- 
sity, which  he  held,  however,  only  until  June,  1875.  In  this  latter 
year  he  was  offered  the  professorship  of  geology,  zoology,  and  botany 
in  Vanderbilt  University,  at  Nashville,  Tennessee,  Init  did  not  see  tit 
to  accept,  although  he  did  subsequently  fill  a  three  months'  engage- 
ment there.  In  May,  1(S7S,  he  took  final  leave  of  the  university,  and  the 
chair  was  ai)()lished,  owing  to  some  foolish  ditl'erences  of  opinion  that 
had  arisen  betwecMi  himself  and  Bishop  McTyeire,  who  took  exception 
to  Winclieirs  stand  in  rc^ference  to  pre- Adamites  and  evolution. 

In  June,  I.S79,  Winchell  was  again  called  to  Ann  Arl)or,  boiiitr 
ottered  tlie  chair  of  geology  and  paleontology  in  the  State  University. 
Tliis  position  he  accepted  and  contiinied  to  hold  until  the  time  of  his 
death.  In  March,  i.S87,  he  was  otlered  the  position  of  State  geologist 
of  Arkansas,  but  refused. 

Winchcirs  work  as  a  geologist,  as  may  be  readily  imagined  from 
tiiis  sketch,  was  of  a  mon*  or  less  fragmentary  nature,  and  it  is  as  si 
t(*ach(M',  pui)Iic  lecturer,  and  writei'  on  scientific  sul)jects  that  ho  is 
best  known.  The*  advanced  stand  which  h(»  took  regarding  evohition 
brought  him  in  conflict  with  the  religious  element,  particularly  ftt 
Vanderbilt  Tniversitv,  as  alreadv  referred  to. 

W^incheil  was  for  a  time  connected  with  the  Minnesota  sreologitnl 
survey.  H(^  was  one  of  tlie  original  promoters  of  the  American 
(xeologist  and  tlie  (T(H)l()tricaI  Societv  of  America.  As  stated  bv  his 
biographer: 

His  largest  educational  field,  however,  was  the  piiblie  platform.  Here  he  was 
nnd(T  no  constraint  by  ri'ason  of  youtlifnl  auditoi*s.  No  limits  were  set  to  his  rha]^ 
tf<Kli('  seientilic  eloquence;  no  courteous Tegard  tor  the  amenities  of  possible  prole?- 
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sorial  etiquette  haiiii)ered  the  free  flow  of  his  criticism,  or  the  exultant  prophecy  of 
x\\v  >)ettennont#*  of  the  future.     ♦    *    *     Himi^lf  a  working  geologiet  in  the  tield, 
he  wan  well  ac^iuainte<l  with  geological  methods.     A  teaching  giMjIo^rint  in  the  uni- 
versity, he  wa«  skillful  in  imimrting  his  own  knowled)^  and  in  training  others  to 
hahits  of  observation  and  investigation. 

As  a  writer  of  books  Winchell  will  be  rememlx^red  for  his  Skotc»hes 
of  Creiitioii,  1S70:  the  DcHtrine  of  Evolution,  1S74;  Pro-Adamites, 
ISSii;  Sparks  from  u  (reologisfs  Hammer,  1H81;  World  Life,  1883, 
and  his  text-book,  Elements  of  (reoio^y,  1886.  Of  these  his  work  on 
World  Life  is  undoubtedly  the  one  showing  the  greatest  amount  of 
rejieairh  and  thought,  and  was  at  that  time  prolmbh'  the  only  one  in 
the  English  hinguage  covering  in  a  systematic  manner  the  entire  field 
of  world  historv. 

In  1859  D.  D.  Owen  had,  for  the  second  time,  accepted  an  appoint- 
ment as  StHt4»  geologist  of  Indiana,  but  witli  the  stipulation  that,  until 
his  surveys  in  Arkansas  and  Kentucky,  upon  which  he  was  then  engaged, 

were  completed,  most  of  the  field  work  should  be  per- 
RkiMrdOwenin        formed  by  his  brother  Richard.     Owing,  however,  to 

Doctor  Owen's  death  in  18(J0,  the  work  fell  wholly  upon 
the  brother,  who  succeeded  him  in  the  office  of  State  g(»ologist. 

The  results  of  the  survey  are  comprised  in  an  octavo  vobune  of  864 
pa^es,  issuwl  in  18^>2.  Like  other  of  this  author's  writings,  it  is  prolix 
and  uninteresting,  differing  in  this  respect  in  a  markcnl  (h^gnM*  from 
those  of  David  Dale. 

The  importance  of  fossils  was  recogniz(»d.  and  it  was  set  down  as  an 
"unquestioned  truth  that  a  (pertain  vertical  range  or  ascertained  thick- 
ness of  fossiliferous  rock  is  characterized  })v  the  organic  remains  of 
plants  and  animals,  differing  more*  or  less  from  the  plants  and  animals  in 
the  rocks  al>ove  as  well  as  those  in  the  rocks  below  the  giv(»n  layers  or 
strata."'  The  rocks  of  the  State  were  all  (classified  under:  (I)  I^ower 
Silurian:  (2)  Upper  Silurian;  (3)  Devonian;  (4)  Subcarboni ferrous; 
(5)  (\>al  Measures,  and  (O)  the  Drift  or  Quaternary.  Some  25  ])ages 
Were  given  up  to  soil  analyses  by  Kol)ert  Pet(»r.  and  70  to  a  report  on 
the  Distribution  of  the  (Geological  Strata  in  the  Coal  Measures  of  the 
State,  by  Loo  I^esquereux 

No  maps  or  sections  accompanied  the  n^port.  which,  as  a  whoK»,  is 
'iingularly  lacking  in  interesting  or  instructive^  matter.  •!.  Lesley 
'^rved  as  topographer. 

With  the  outbreak  of  the  civil  war  Owen  resigned  to  take  ccmuuand 
of  a  company  of  volunteers,  and  this,  the  third  attempt  at  a  geological 
'Purvey  of  Indiana,  came  to  an  end. 

Prevailing  ideas  regarding  conditions  of  sedimentation  have  l)een  f  re- 

-^luently  referred  to  in  these  pages,  Imt  with  more  particular  reference  to 

the  position  of  the  sea  Hoor — whether  inclined  or  horizontal  -upon  which 

the  sedimentary  beds  were  dej^osited.     A  new  phase  of  the  (juestion 

was  brought  to  light  during  a  discussion  between  W.  B.  Ko^(»rs  and 
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Louis  A^jfiissiz  at  th(»  intM'tin^  of  the  Boston  Society  of  Natural  History. 
March  21,  1S()0. 

Rogers  argu(»(l  that  the  strata  })etween  Lake  Ontario  and  the  Penn-  J 
sylvania  coal  region  were  deposited  on  gradually  subsiding  sea  hot-  | 
Ideas  of  Roffers  and  ^^^^^^^'  O"  this  supposition  only  could  he  accoiint  foF 
suMdenceand  ^^^  relative  position  of  the  beds  and  their  very  great 
Deposition,  I860.  thickn(»ss.  Had  they  been  formed  as  argued  by  some 
on  a  gradually  rising  sea  bottom,  the  older  deposits  would  crop  out 
at  the  higher  levels  and  the  successively  later  ones  at  lower  levek 
Agassiz,  on  tin*  other  hand,  maintained  that  there  was  no  subsidence 
during  the  deposition  of  the  New  York  strata,  and  that  the  facts  indi- 
cated just  the  reverse,  i.  e.,  an  upheaval.  During  the  upheaval,  he 
argucMl,  the  level  of  the  sea  might  be  actually  less,  from  the  contraction 
of  tin*  earth  while  cooling,  but  in  conseijuence  of  this  contraction  the 
ocean  would  always  riMuain  at  a  certiiin  depth,  sufficient  for  the  deiw- 
sition  of  the  thousands  of  feet  of  strabi.  The  studv  of  the  fossils  he 
ai'gued  was  also  opposcnl  to  the  theory  of  subsidence  and  denudation, 
since  those  of  the  Primarv  were*  ncner  found  carried  into  the  Secondarv 
beds. 

At  the  April  -t  meeting  the  discussion  was  resumed,  when  Rogers 
took  the  ground  that  an  assumption  of  an  upward  movement  of  these* 
bottom  carried  with  it  the  admission  of  an  original  depth  so  enormous 
as  to  be  inconipatihle  with  I  he  accunnilation  of  the  material  of  the 
earlier  strata,  unless,  indeed,  the  strata  w(M'e  supposed  to  be  formed 
exclusively  within  ;i  moderate  distance  of  the  shore. 

W'v  niiirht  iiiiii«:iiu'  a  series  oi  strata  to  be  successively  laid  (iown  in  a  gentle  slope 
apprcixiniately  parallel  t«»  tiiat  <»f  the  ancii'Ut  si*a  hottoin,  each  tiTininating  again>t 
this  siirfaee  w  ithoiit  l»eiii^  coiitiimed  into  the  profoiiinler  depths  beyond,  and  we 
nii^ht  sn{»{)(>se  the  Hoor  to  ])e  ri.-iniz  in  the  reirion  of  tliis  accnmulation  at  sucli  urate 
as  to  brin^r  successivi'  tracts,  faril.rr  an<l  farther  from  the  ancient  shore  line,  within 
lindts  of  dej)th  acbnittin*:  of  mechanical  and  oriianie  (teposition;  bnt  in  snch  circum- 
stances of  formation  these  earlier  stiata,  instead  of  extenilin<r,  a«  they  are  l>elieve*l  t<' 
do,  almost  continnonsly  over  the  whole  oci'an  tloor,  wonld  be  seen  ti)  (ieterniinateat 
no  <:reat  distanei*  from  the  ori;:inal  sh(»re  line,  bnt  abnttinj;  aj^ainst  the  l)ott<»ni  at  the 
plaees  where  tlie  depth  had  set  a  limit  to  their  accnmidatien. 

No  hypothesis  of  a  seeidar  rising  of  the  sea  bottom,  he  therefore 
argued,  could  e.\i)lain  tlie  formation  of  the  Appalachian  Paleozoic' 
deposit.  They  indicated,  latliiM',  a  long  period  of  subsidence  of  tin' 
ocean  tloor.  \  aried  hy  many  Jind  long  pauses  of  upward  oscillations. 

Agiissi/,  in  rc^ply.  admitt(Ml  the  probable  shallowness  of  the^ ocean i" 
which  the  strata  were  d(»posited.  and  that  during  a  local  upheaval  <>^ 
the  shore,  {\w  whole  sea  bottom  wjis  probably  sui)siding,  the  subsidem*^ 
being  du(^  to  shriidvage,  caused  by  the  cooling  of  the  earth's  crust. 
This  vi(»w  was  accepted  i)v  Kogei's  as  amounting  to  a  virtual  disclaiiB* 
ini>'  ot  th(»  theorv  as  advanced. 

The  removal  of  B.  F.  Shumard  as  State  g(*ologist  of  Texas  in  1S('»0, 
US  noted  on  j)age  4ST,  was  immediately  followed  by  the  appointment  of 
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succe^or,  Dr.  Francis  Moore,  '^an  honorable  and  cultured  gentle- 
man of  much  executive  ability/'  a  one-time  newspaper 
uey  In  Texas,      editor,  but,  SO  far  as  can  be  learned,  never  a  geologist '^ 

In  April,  1861,  the  survey  was,  however,  suspended 
an  act  of  the  legislature,  and  )x)th  Shumard  and  Moore  recjuested 
report  on  what  had  been  accomplished.  With  this  request  neither 
ty  complied,  Shumard  going  immediately  to  St.  Louis,  where  he 
J  in  1869,  and  Doctor  Moore  leaving  for  the  north  on  the  outbreak 
the"  civil  war,  where  he,  too,  died  in  1864. 

The  notes  of  these  short-lived  organizations  seem  to  have,  in  part 
least,  passed  into  the  hands  of  S.  B.  Buckley,  a  botanical  collector 
ier  the  Shumard  regime,  who  returned  to  Austin  after  the  close  of 
I  war  and  succeeded  in  having  himself  appointed  State  geologist, 
this  capnicity  he  issued  one  report,  bearing  date  of  1866,  and  com- 
sing  some  80  octavo  pages,  dealing  with  generalities  and  matters 
*taining  to  the  agricultural  resources  of  the  State*,  but  containing 
jc  or  nothing  of  geological  value  and  but  few  references  to  what 
1  been  done  by  his  pi^edecessors.  Buckley's  period  of  rule  was  short, 
ning  to  an  end  in  1867. 

So  attempt  at  resuscitation  was  made  until  187(>,  when  the  governor, 
der  authority  from  the  legislature,  appointed  John  W.  Glenn  State 
ologist.  Glenn,  however,  found  the  position  uncongenial  and 
v.Qienn  resigned  the  following  year,  to  be  ^^ucceeded  in  1874 

tosMMTexas,  ^Y  Buckley  once  more.  The  latter  held  the  office  but 
®*  two  years,  when  the  governor,  becoming  convinced 

uthfully,  it  is  to  be  feared)  that  the  surve}'  promised  to  be  of  no 
actical  benefit  to  the  State,  vetoed  the  bill  appropriating  moneys 
r  its  continuation. 

During  this  second  term  of  office  Buckley  issued  two  reports,  under 
tes  of  1874  and  1876,  respectively,  comprising  altogether  some  220 
ges.  The  first  contained  a  brief  history  of  the  past  surve\- s  of  the 
ate  and  a  somewhat  partisan  account  of  an  unhappy  disagreement 

«Ar8TiN%  Xorernher  I:?,  1860. 
Wy  dear  M.:  Your  kind  letter  reached  AuHtiii  during  my  absence  from  home,  and 
hank  you  for  your  friendly  words.     1  returned  yesterday  from  the  Indian  country, 

I  only  then  found  I  ha<l  l)een  superseded  by  Doctor  Moore  in  the  otfice  I  held, 
mrton  had  not  even  intiniate<I  to  mc  that  he  intended  mv  removal.  So  far  as  I 
» learn,  the  action  of  the  governor  has  caused  universal  dissatisfaction.  I  am  not 
^n  permitted  to  make  out  my  own  reports  of  more  than  two  years'  hard  labor.  I 
'lerHtand  that  my  removal  has  l)een  brought  about  mainly  through  testimonials 
•nisherl  Mw>re  bv  H.  and  H. 

ff  1  liail  hari  timely  notice,  so  that  I  could  have  written  my  report,  I  should  not 
vp  <*are<l  so  much,  but  to  Ih)  deprived  of  that  privilege  is  doing  me  great  injustice. 
f  have  not  made  any  plans  for  the  future.     When  I  have  a  little  more  leisure  I 

II  write  you'a^in,  and  then  may  furnish  you  with  some  geology  that  may  inter- 
you. 

In  haste,  your  friend,  B.  F.  Shumarj). 
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which  existed  between  Shuiiiard  and  himself.  Both  the  statement!^ 
made  and  the  manner  in  which  they  are  presented  are  such  as  to  prej- 
udice the  unbiased  reader  against  Mr.  Buckley,  and  this  in  particular 
when  one  reflects  that  there  was  no  apparent  occasion  for  the  publica- 
tion in  an  official  report  of  matters  of  this  nature.  Buckley  was 
replied  to  vigorously  by  A.  R.  Roessler,  who  had  also  been  one  of 
Shumard's  assistants. 

The  main  portion  of  both  reports  was  given  up  to  a  discussion  of 
economic  problems,  and  little  that  was  new  geologically  appeared. 
He  noted  the  eruptive  nature  of  Pilot  Knob,  but  was  unable  to  deter- 
mine whether  the  period  of  eruption  antedated  the  Cretaceous  or  not 
Much  space  was  devoted  to  a  discussion  of  soils  and  crops,  together 
with  notes  on  the  fauna  and  flora. 

In  his  report  on  the  geology  of  Massachusetts  (1833),  and  again  in 
1835  and  1841,  Dr.  Edward  Hitchcock  called  attention  to  the  flattening 
and  distortion  of  pebbles  in  a  conglomerate  near  Newport,  Rhode  Island, 
Hitchcock'«view«on  ^^  already  noted.  As  time  went  on  the  importance 
of  Conglomerate  ^^  ^^^^  subject,  particularly  in  the  light  of  subsequent 
^^^•-  discoveries,  seems  to  have  grown  upon  him,  and  in  a 

paper  in  the  American  Journal  of  Science  for  1861,  and  in  his  reports 
on  the  geology  of  Vermont  for  that  same  year,  the  ground  is  gone  over 
in  great  detail  and  his  gradually  expanding  views  fully  elaborated. 

In  his  report  of  1S33  the  eonglonierates  were  descril^ed  as  composed 
of  eiongjited  rounded  nodules  of  <|uartz  rock  passing  into  mica  slate, 
with  a  cement  of  talcosc  shite,  all  with  their  longest  diameters  luii- 
I'ornily  parallel,  the  (Mitin*  mass,  pebbles  and  all,  being  divided  hv 
lissui'es  as  perfect  as  if  *'cut  through  bv  the  sword  of  some  Titan." 
Latrr.  while  engaged  in  the  work  of  the  Vermont  survey,  he  foiiiul 
analogous  conglomerates  along  nearly  the  whole  western  side  of  the 
Green  Mountains,  and  in  1859,  in  company  with  his  son,  C.  H.  Hitch- 
cock, he  again  visited  the  Newport  locaJity  in  search  of  facts  to  aid 
him  in  solving  the  Vermont  proMeui.  His  results  were  given  befen' 
the  American  Association  for  the  Advancement  of  Science  that  sjimc 
year,  and  the  subject  again  i)r()ught  before  the  Association  by  C.  H. 
Hitchcock  in  1S(HI. 

The  facts  brought  out  and  presented  showed  the  pebbles  to  l>e(i) 
much  elongated  in  the  direction  of  the  strike  of  the  beds;  (2)  that, 
while  flattened,  this  feature  was  not  so  striking  as  their  elongation: 
(8)  that  they  were  often  indented  l)v  one  being  pressed  into  another: 
(4)  that  they  were  often  bent,  sometimes  in  two  directions;  and('>) 
that  thtn'  were  cut  across  by  parallel  joints,  or  fissures,  at  i^iitervai'^ 
of  from  a  few  inches  to  manv  feet.  These  facts  led  him  to  conclude 
that  (1)  the  rock  had  once  been  a  conglomerate  of  the  usual  character, 
and  had  undergone  a  nu^tamorphosis  whereby  the  cementing  material 
had  become  ciystalline  and  ^cb\v>los^  wwd  VVi^  ^<$^hhWs  elongated,  and 
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(2)  the  pebbles  themselves  had  been  in  a  more  or  less  plastib  istate; 
otherwise  any  attempt  at  change  in  form  would  result  only  in  frac- 
ture and  comminution.  The  olean  manner  in  which  the  pebbles  were 
cut  by  joint"  was  thought  also  to  indicate  a  condition  of  plasticity. 
The  flattening  and  distorting  force  waa  thought  to  have  operated  later- 
ally, and  the  jointing  regarded  as  duo  to  some  polarizing  force  acting 
upon  soft  materials,  a  simple  inspe<ition  of  the  rock  in  place  being  suf- 
ficient to  satisfy  anyone  that  no  mechanical  agency  would  alone  be 
sufEcient  to  produce  the  phenomena.  Applying  the  same  method  of 
reasoning  to  the  conglomerates  of  Vermont,  be  came  to  the  conclusion 
that  these,  too,  had  undergone  nietaniorphism,  giving  rise  to  schists 
and  gneiss,  and  that,  indeed,  granites  and  syenites  might  result  from 
the  metamorphism  of  stratified  rocks.  The  chemical  details  as  worked 
out  would  naturally  not  hold  in  their  entirety  to-day,  and  of  course 
the  idea  of  a  polarizing  foi-ce  would  be  no  longer  seriously  considered; 
but  the  fact  remains  that  this  paper,  as  a 

»   whole,  marks  a  long  stride  in  advance  along 

'  the  line  of  metamorphism,  and  for  its  time 
was  comparable  in  its  importance  witli  the 
later  work  of  Lehmann  on  the  crystalline 
schists  of  Sa.xony." 

By  an  act  of  the  legislature  approved 
March  16.  1S61,  Ezckiel  Holmes,  of  Win- 
throp,  Maine,  was  conunissioiied,  under  the 
direction  of  the  board  of  agriculture,  to 
make  a  scientific  survcv  of 
8«rwoiiiuiM,  the  State.  C.  11.  limb- 
cock,  then  of  Amherst,  Mas- 
sachusetts, and  a  son  of  Dr.  Kdward  Hitch- 
cock,  was  commissioned   geologist,   while 

George  L.  Goodale  served  as  botanist  and  chemist,  C.  Houghton  as 
mineralf^st,  A.  S.  Packard,  jr..  as  entomologist,  and  C.  B.  Fuller 
as  marine  zoologist.  Others,  including  G.  L.  Vose  and  Or,  N,  T.  True, 
rendered  assistance  at  various  times. 

Two  brief  seasons  were  devoted  to  tield  work,  the  results  of  wliich 
appeared  in  the  reporb*  of  the  b<iai-d  of  agriculture  for  18til-(>2,  the 
strictly  geological  jwrtions  l>eing  limited  to  some  si.\  hundre<l  and  odd 
pages.  The  work  done  under  these  conditions  was  necessarily  some 
what  disconnected.     Northern  Maine  was  .still  practically  a  wilderness: 

■  "  The  Hubject  was  in  1868  again  taken  up  by  Prof.  G.  1..  Voee,  wlnii^  confjlnsionn, 
bailed  on  a  study  ot  conglouieratee  in  the  vii'inity  of  the Hangitley  Lakes,  uere  larncly 
conflrmatory  of  those  o£  the  HitchciH'kw.  He  ivas  not,  however,  disp<>«'<l  tu  rvj^ani 
the  pebblea  as  having  been  in  a  plastic  state,  liut  I'ontended  that  iinih-r  tht)  forces 
that  had  there  prevailed  rigid  pehliles  might  Im  bent  anil  flattene.1  in  the  manner 
ileacribed. 
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there  were  no  maps  and  absoluU^l y  no  niilroads.  A  geological  map  in 
black  and  white*  was,  however,  prepared  of  the  region  north  of  Calais 
and  the  45th  paraUel,  and  also  one  of  the  eastern  portion  of  the  State 
included  between  St.  George  and  Belfast. 

The  fossil  if  eroiis  rocks  were  noted  as  niosth*  Paleozoic  and  probablj 
all  lying  below  the  Carboniferous  series.  The  red  sandstone  of  Perry, 
the  problematic  horizon  of  which  had  been  discussed  by  ffackson  and 
others,  as  previously  noted  in  these  pages,  was  regarded- as  "indis- 
putably Devonian,''  this  statement  })eing  based  upon  expressed  opin- 
ions of  Jackson,  Rogc^rs.  Xewberry,  and  Dawson.  It  was  noted  that 
the  fossiliferous  marine  days,  which  were  regarded  as  of  the  same  a^ 
as  the  similar  deposits  along  the  St.  Lawrence  and  the  Champlain  val- 
leys and  refeniblc  to  the  Terrace  period,  sometimes  underlay  a  coarse 
deposit  n^ferable  to  the  unmodified  drift.  Without  committing  him- 
self definitely  on  this  point,  Hitchcock  suggested  the  possibility,  there- 
fore, of  a  r(»currence  of  the  drift  agencies — that  is,  a  period  of  second 
drift.  This,  so  far  as  the  present  writer  has  information,  is  the  first 
suggestion  by  an  American  of  such  a  ix)ssibility.  It  seems,  however, 
to  have  ))eiui  quite  lost  sight  of.  (See  also  remarks  of  Edward  Hitch-  I 
cock,  p.  4()L>.) 

The  drift  period  itself,  according  to  Hitchcock's  view,  was  inaugu- 
rated b}'  depression  of  this  jx)rtion  of  the  continent  amounting  to  at 
least .").()()« I  feet  below  that  of  to-day.  Subsequently  the  continent  rose 
again  gradually  to  its  ])n\sent  altitudes  It  was  during  this  ixM'iod  of 
(l(»pn'ssioti  and  ch^vation  that  the  drift  deposits  were  formed  throujrh 
the  conjoined  agiMu  v  of  icebergs  and  glaciers.  The  various  forms  of 
uiodilied  drift  he  thought  to  have  been  produced  largely  by  the  aid  of 
rivers  and  ni()vin<i*  currents  of  water.  These  views  were  those  verv 
gentM'ally  held  jit  that  date,  though,  naturally,  they  have  been  some- 
what nioditied  sine(\ 

Th(^  (luartz  roek  in  the  vieinitv  of  Kockland,  Thomaston,  and  Cnw- 
den  was  I'egarded  as  i)elonging  to  the  Taconic  period  of  Enmions,  and 
tlie  associated  limestones  were  looked  upon  as  contemporaneous  Avilb 
till*  Stoekbridi^e  liin(\ston(\s  of  Knmions  or,  what  is  the  samt*  thinir.  the 
^Kolian  limestones  of  the  (^hier  lliteheock. 

Dr.  »I.  S.  Xewberry,  in  Notes  on  the  Surface  (leology  of  the  l^sin 
of  the  (ir(»at  Lakes,  after  a  i-eview  of  tlie  surface  conditions  as  h<'  saw 
them,  eame   to  the  conclusion  tliat   at  a   j)eriod  corresponding  in  cli- 
mate, if  not  ill  time,  with  the  Glacial  epoch  of  the  OM 
on^uc[atioiii*1^62.   ^^  <^^'hl,  the  hik(*  region  in  conmion  with  all  the  nortli- 

ern  ])ortion  of  the  Am(»rican  Continent  was  raised 
sc^veral  thousand  f(»et  above  the  level  of  tin*  sea.  This  was  the  *^ gla- 
cial period,"  during  which  the  surface  of  the  country  was  planed 
down  and  th(^  d(*ep  fiords  along  th(^  Atlantic  coast  formed.  This  was 
followod  by  a  period  of  dcY^vessiou,  when  all   the  basin  of  the  Great 
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ake«  was  flooded  with  fresh  water,  forming  a  vast  inland  sea,  in 
hich  the  laminated  blue  clays,  the  "oldest  of  our  drift  deposits," 
ere  precipitated.  Subsequent  to  this  deposit  of  blue  clays  ''an 
nmense  quantity  of  gravel  and  bowlders  was  transported  from  the 
ftgion  north  of  the  Great  I^akes  and  scattered  over  a  wide  area  south  of 
lem."  This  was  due  to  floating  ice  and  icebergs.  The  lake  ridges 
incient  beaches),  described  by  Whittlesey,  Newberry  regarded  as 
ridence  that  the  water  of  the  lakes  remained  for  considerable  inter- 
ns much  higher  than  at  present.  These  are  practically  the  same 
lews  announced  before  the  New  York  Lyceum  in  1870  (p.  546). 
In  Alay,  1862,  J.  P.  Lesley  read  a  paper  before  the  American  Philo- 
•phical  Society  describing  the  structure  of  the  Allegheny  Mountains, 
which  he  assumed  that  the  rocks  of  the  Blue  Ridge  Range,  on  the 

eastern  side  of  the  valley,  were  a  prolongation  of  the 
*^m!\sSS^^   Green  Mountains  of  Vermont,  and  consisted,  therefore, 

of  the  Quebec  group,  or  Taconic  System.  In  this  he 
llowed  the  Rogers  Brothers,  as  he  acknowledged.  He  accounted 
r  the  change  in  the  drainage,  as  exhibited  by  the  New  River,  which 
*eaks  into  the  Appalachians,  as  due  to  a  structural  change  in  the 
K)log3%  most  of  the  mountain  valleys  north  of  this  being  unbroken 
iticlines  and  synclines,  while  most  of  those  south  of  it  are  monoclines 
)unded  by  immense  faults  or  downthrows.  The  Appalachians  of 
uthern  Virginia  and  eastern  Tennessee  are  grouped  in  pairs  by  faults, 
e  fracturing  being  in  parallel  strips  from  5  to  6  miles  wide,  each 
rip  being  tilted  easterly  so  that  the  upper  edge  of  one  strip,  with  its 
irboniferous  rocks,  abuts  against  the  bottom  or  Lower  Silurian  edge 
the  strip  next  to  it.  The  Paleozoic  zone,  therefore,  included 
tween  the  Great  Valley  and  the  backbone  escarpment,  is  occupied 
as  many  pairs  of  parallel  mountains  as  there  are  parallel  faults,  and 
these  faults  lie  in  straight  lines  at  nearly  equal  distances  from  one 
other  the  mountain  ranges  run  with  great  uniformity  side  by  side 
r  100  or  200  miles  until  cut  off  by  cross  faults,  or  by  change  in  the 
urses  of  the  principal  faults. 

In  a  paper  before  the  American  Philosophical  Society  the  year  fol- 
lowing on  a  "remarkable  coal  mine  or  asphalt  vein  in 

I'cJSSS.TsSS!*^  ^^^  ^^»'  Measures  of  Wood  County,  (West)  Virginia," 

Lesley  was  led  into  a  discussion  of  uplift  and  erosion, 
d  expressed  sundry  ideas  worthy  of  note. 

Assuming  that  the  valley  cutting  through  this  mine  was  one  of  ero- 
)n  and  had  been  carved  out  since  the  vein  was  filled,  Lesley  .speculated 
the  time  and  causes  of  erosion  and  incidentallv  on  the  character  of 
^  original  uplift.  He  rejected  the  idea  of  cataclysmic  erosion  dating 
ck  to  the  time  of  the  uplift,  as  he  did  also  that  of  the  secularists, 
lo  regard  the  present  face  of  the  country  as  but  the  latest  phase  of 
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an  infinite  series  of  oceanic  degradations,  beginning  with  the  uplift  and  i 
Htill  in  progress.     Instead,  he  adopted  the  supposition  of  a  succession  ' 
of  denuding  actions  of  unknown  force  and  indefinite  number.    **A 
homogeneous  element  with  sufficient  force,  acting  either  by  one  or  by 
repeated  blows/'  would  bring  about  the  present  condition  of  affairs. 

No  one  will  deny  tliat  water,  if  obtaine<i  in  sufficient  quantity  at  a  sufficient  veloc- 
ity, would  1)0  Huch  an  agent.  In  the  acknowIe<iged  instability  of  the  cnL«t  of  the 
earth,  in  itH  acknowle^lged  le8B  stability  in  ancient  times  than  now,  we  find  the  poe 
sibility,  nay,  we  feel  the  <«rtainty,  that  the  oceans  liave  at  tinier  l>een  launched 
acrrjfls  the  ciintinent^,  and  we  need  nothing  more  to  satisfy  all  the  conditions  for  an 
explanation  of  Appalachian  topr>graphy. 

One  great  o))stacle,  Lesley  thought^  in  the  way  of  topographical 
science  among  geologists — 

has  l>een  an  innocent  ignoruncci  of  the  titanic  postulates  upon  the  ground,  and  there- 
fore an  inability  to  reconstrpct  in  imagination  the  awful  vaults  of  nx*k  which  have 
l)ecm  n»moveil  from  over  at  Ujawt  50,000  square  miles  of  the  surface  of  the  Tnited 
States  merely  along  the  one  l^lt  of  the  Appalachian  Mountains,  between  the  coal 
area  and  the  Blue  Ridge  range. 

However  this  may  have  been,  Lesley  himself  could  not  be  a^^ciised 
of  any  such  innocent  ignorance  and  consequent  impotency  of  imagina- 
tion. Thus,  when  siK^cuhiting  on  the  character  of  the  folds  of  the 
Appalachians,  as  controlled  by  the  roughness  of  the  old  surface  of  the 
more  or  less  disturbed  and  eroded  sedimentaries  and  the  thinnes.-^  of 
the  newer  formations,  whereby  there  was  a  tendency  for  more  or  K's*? 
hitch  and  catch  below  and  cnick  and  shove  above,  he  showed  that  such 
f(Mitures  wen*  hen*  reduced  to  a  niininmm,  and  hence  probably  the  liij^'b 
anticlines  were  unbroken  at  the  crost. 

As  ji  whole,  the  j)licatiii^  ciuTjiv  must  have  acted  witli  a  steady  evenness  of  thm-t, 
which  (•arrie<l  up  the  anticlinal  waves  of  th(;  crust  unbroken,  an<l  in  some  caso  to  a 
height  of  between  5  and  10  miU'S  above  the  ]>resent  surface  level. 

Truly  a  stranjj^e  admixture  of  views.  As  a  modern  catiistrophist  he 
was  e<|ual(»d  only  l)v  (.1arenc(i  Ki'*^- 

It  was  the  oi)iiii<)n  of  Hogers,  it  will  be  remembered,  that  the  <rroat 
amount  of  erosion  which  had  manifestly  taken  place  in  the  Pennsyl- 
vania Appalaciiians  was  cataclysmic,  the  consequence  of  a  gi'eat  ru-^h 
of  waters  or  bodv  of  watcu*  over  the  face  of  the  continent  at  the  tinio 

« 

when  th(»  coal  (M'a  was  about  to  be  terminated  by  the  upheaval  of  the 
whoh'  Appalachian  belt  of  earth  crust,  when  it  was  thrown  into  waves 
or  folds.  Lesley  at  first  accepted  this  view  and  even  as  late  as  ls\'A 
confessed  himself  as  not  entirelv  convinced  that  such  a  cataclvsm  \v:i.< 
not  n(»c(\ssarv  in  order  *M()  exi)hiin  the  earlier  and  perhaps  the  larjrer 
part  of  th(»  whole  pluMionienon."  He  did  not,  however,  accept  Rocrer>s 
''pulsatin<x  planetary  lava-mulcHis''  theory  to  account  for  the  prinmry 
orijrin  of  the  laiitrc,  but  felt  tliat  tin*  force*  of  latend  thrust  caused  l>y 
slirinkiiiro  from  a  coolini!;  o;U)be  better  accounted  for  the  surface  convo- 
liitions  as  he  saw  them. 
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In  1860  J.  D.  Whitney  was  appointed  State  geologist  of  California 
d  served  until  1874,  when  the  survey  was  discontinued.  According 
the  original  act,  he  was  required  to  make  an  accurate  and  conii)lete 

creoloedcal  survey  of  the  State  and  to  furnish  a  reiK)rt 
•vnr of  CaiHbniia,  containing  a  full  scientific  description  of  its  rocks,  fos- 
sils, soils,  and  minerals,  and  of  its  botanical  and  zoo- 
fieal  prodactions.  W.  II.  Brewer  was  principal  assistant  in  botany 
d  agricultaral  geolog3%  William  Ashburner  in  mining,  and  W.  M. 
tbb,  paleontologist.  Clarence  King  also  rendered  assistance  in  a 
lunteer  capacity. 

The  results  of  this  survey  are  embodied  in  three  volumes  on  geology 
d  paleontology  published  by  the  State  and  two  volumes  on  the  aurif- 
>U8  gravels,  published  by  the  Museum  of  Comparative  Zoology  at 
irvard  after  Whitney's  retirement.  It  was  announced  in  the  state- 
mt  of  progress  for  1872-73  that  a  geok)gical  map  of  the  whole  SUite 
d  been  colored,  but  it  seems  never  to  have  been  published. 
The  first  volunoie  of  Whitney's  rejwrt  of  progress  and  a  synopsis  of 
Id  work  from  1800  to  1864  appeared  in  iHOo.  This  comprised  a 
lall  quarto  volume  of  498  pages.  The  volume  contjiiiu»d  a  great 
lount  of  descriptive  matter  relating  to  the  aroal  geok)gy  of  various 
rts  of  the  State,  particularly  of  the  Coast  Kangt^s  und  Sierra 
?vada,  with  a  chapter  on  the  mining  regions. 

Whitney  decided,  from  the  discovery  of  a  single  shell  in  the  rocks 
Alcatraz  Island,  that  the  so-called  San  Francisco  sandstone  was  of 
tdoubted  Cretaceous  age.  The  serpentines  of  Mount  Diablo  and  the 
n  Francisco  peninsula  he  considered  as  metamorphic  sediments 
md.stone) — a  mistake  which  was  later  repe^ited  by  Becker  in  his 
lume  on  the  quicksilver  deposits  of  the  Pacific  slope*. 
Whitne}'  was  decidedly  pessimistic  regarding  the  probability  of  the* 
currence  of  petroleum  on  the  Pacific  coast,  and  unhesitatingly  dis- 
uraged  the  promoting  of  enterprises  of  this  nature.  With  reference 
the  region  south  of  the  Bay  of  Monterey,  he  wrote: 

ks  the  bitamiiious  shales  are  evervwiiore  turned  up  on  i't\^v.  an<l  havt*  no  cover  of 
pervious  rock,  the  inference  is  unavoi<la])Ie  that  fiowinjr  wells,  or  at  leapt  thos<» 
liveringany  considerable  (juantity  of  liquid  petroleum,  can  not  l>e  expected  to  be 
t  by  boring  to  any  depth.     The  probahilitieH,  at  least,  are  ajxainst  it. 

When  one  reflects  that  the  output  of  the  California  fields  in  \HW 
nounted  to  2,677,875  barrels,  he  is  led  to  question  the  infallibility  of 
rhitney's  judgment  in  these  matters. 

Whitney  considered  all  those  chains  or  ranges  of  mountains  in  Cali- 
unia  to  belong  to  the  Coast  Ranges  which  had  been  uplifted  since 
J<'  deposition  of  the  Cn^taceous  formation:  those  which  were  elevated 
^fore  the  Cretaceous  as  belonging  to  thc^  Sierra  Nevada.  The  slates 
'  the  western  slope  in  Mariposa  C'ounty  were  n^garded  as  of  Jurassic 
e,  and  the  Calcareous  slates  of  Plumas  Couuty  ws  \>vi\o\\^£«\\»,  V>  ^^^^^ 
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Triassic.  The  limestones  in  the  Gra}"  Mountains  had  been  referred  by 
Doctor  Trask  to  the  Carboniferous  formation.  With  this  reference 
Whitney  agreed. 

The  peculiar  dome-shaped  concentric  structure  of  the  granite  in  the 
Sieri-as  was  dwelt  upon  with  considerable  detail,  and  the  curved  struc- 
ture of  the  sheets  regarded  as  having  been  produced  by  the  contrac- 
tion of  the  material  while  cooling  or  solidifying.  The  Yosemite 
Valley  itself  he  thought  to  be  due  to  a  ditferential  movement,  the  half 
dome  seeming  beyond  a  doubt  to  have  been  split  asunder  in  the 
middle,  one-half  having  gone  down  in  what  he  calls  "  the  wreck  of 
matter  and  the  crush  of  worlds.''  In  other  words,  he  regarded  the 
valley  as  due  to  the  downward  drop  of  an  enormous  fault  block." 

The  first  volume  of  the  paleontological  reports  appeared  in  LS64. 
This  comprised  243  pages,  with  32  full-page  plates  of  fossils,  the  Car- 
boniferous and  Jurassic  being  described  by  F.  B.  Meek,  and  the 
Cretaceous  and  Triassic  by  W.  M.  Gabb.  Concerning  the  work  thus 
far  done,  Whitney  wrote:* 

Perhaps  the  moHt  strikinjif  result  of  the  survey  is  the  proof  we  have  obtaine<l  of 
the  iniinense  development  of  rocks,  ecjuivaleiit  in  age  to  the  upper  Triay  oi  the  Ali«. 
and  paleoutologically  clost^ly  aUied  to  the  limestones  of  liallstadt  and  Au8sei%  ami 
the  St.  Casi^ian  beds,  that  extremely  important  and  highly  fossilliferous  division  of 
the  Alpine  Trias. 

Further  on  he  savs: 

■ 

Knou^h  (fossils),  linwevcr,  have  been  found  to  justify  the  assertion  that  the  se-li- 
nicntary  purtiori  <»f  the  {ircat  iiictalliferoiis  belt  of  the  Pacifie  coast  of  North  Afm-ri'ti 
is  rliictly  iiijulc  up  of  rocks  of  Jurassic  an<l  Triassic  a^e.  *  *  *  While  wc  an- 
fully  justitic'l  in  sayiutj^  that  a  hnu/r  jtortinn  of  tin'  (tHrifcnms  rocks  of  OiUjurn'ni  r  ..■..-...'f 
(if  mctdtinn'jtiiir  Triassic  and  Jnrnssic  sfi((fn,  we  have  not  a  particle  (»f  cviticTitv  to 
uphoM  the  theory  *  *  *  that  all  or  even  a  portion  are  oMer  than  the  ('arlx»ii- 
iferons.  ^  *  *  We  are  able  to  state  *  *  *  that  this  metal  i^oMi  occur-  ii: 
no  inconsiderable  quantity  in  nietamorphic  rocks  iH'lcmgin^  as  high  up  in  series  :is 
the  Cretaceous.    (V.  2rA.) 

Sul)S('(iiirnt  to  this,  jippaiviitly '"  W.  P.  Blake,  as  geologist  of  the 
('jiliforniji  Sttitc  Hoard  of  Agriciiltuiv,  made  a  claim  to  having,  in  iNtio. 
foiuid  oil  tlic  American  Kivor  a  fossil  ammonite,  which  he  recrarded  as 
cstablisliint^-  the  secondary  a<^(^  of  the  <4<)ld-beariiig  strata.  It  was 
claimed  ]\y  Prof.  \V.  II.  Brewer,  however,  that  Blake  did  not  know 
for  a  certainty  if  the  s])ecimen  wa^  found  in  place  or,  indeed,  if  it 
were  an  ammonite  or  c(M*atite;  also  that  the  fossils  were  not  found  so 
early  as  tiu^  dat(^  claiuitHl  l>y  Blake  (1st)*)).  Brewer  is  very  emphatic 
in  bis  statement>  lo  tlu»  effect  that  Wbitnev  was  the  first  to  jinnomuM- 

"Later  i  M  vest  ijjfa  tors  have  been  inclined  to  regard  the  valley  as  due  niondy  to  river 
erosion,  facilitate*!  by  the  vertical  jointing  of  the  rocks.  (See  H.  W.  Turner.  Vrm'. 
California  Acadeniv  of  Sciences,  (ietjljijiv,  I.  X<».  'iK  \\h)i).) 

''  American  Journal  of  Science.  XXW'III,  November,  1S(»4,  j)p.  25(>-2t>4. 

« See  American  .lournal  of  Scieni'e,  Xhil,  18S(>,  p.  114. 


Riport  «l  U.  5.  Nitlcnil  MuHum,  IKM^M* 


AMERICAN    GEOLOGY DECADE    OF   1860-1869.  517 

he  Jum-Trias  age  of  these  rocks,  and  the  extracta  from  the  published 
Pports  seem  to  liear  him  out. 

The  second  volume  of  the  paleontological  reports,  as  published  in 
i^)9^  comprised  299  pages,  with  36  full -page  plates,  and  was  given  up 
holly  to  descriptions  of  Tertiary  and  Cretaceous  fossils  by  Gabb. 
I  his  introductory  note  Whitney  reiterated  his  statement  above  quoted 
giirding  the  age  of  the  gold-bearing  rocks  and  the  absence  of  rocks 
der  than  Carboniferous,  not  merely  in  the  State,  but  west  of  the 
le  hundred  and  sixteenth  meridian. 
As  previously  noted  (p.  385),  Logan,  during  his  period  of  service 

provincial  geologist,  submitted  sixteen  reports  dealing  mainly  with 
ratigraphic  and  economic  subjects.     In  1803  he  brought  forward  a 

long   promised  volume — The  Geology  of   Canada — a 
^a!  1863?"^  **     large  o(ita vo,  of  983  pages,  accompanied  by  an  atlas 

giving  a  colored  geological  map  and  sections. 
Ix)gan  was  assisted  during  the  early  part  of  his  work  by  Alexander 
urray  and  James  Richardson,  geologists;  E.  BillJhgs,  paleontolo- 
ist,  and  T.  Sterry  Hunt,  chemist.  Later  Robert  Bell,  now  (1904) 
•ting  director,  and  others  of  less  prominence,  were  added  to  the 
)rce.  A  portion  of  the  paleontology  was  assigned  to  James  Hall, 
iid  the  nomenclature  adopted  was  essentially  that  of  the  New  York 
irvey. 

The  map  accompanying  the  volume  was  beautifully  executed  in 
olors,  and  comprised  all  of  the  provinces  southeast  of  the  St.  Law- 
euce  as  well  as  a  narrow  belt  composed  mainly  of  Laurentian, 
xtending  from  Labrador  southwesterly  to  the  Great  Lakes,  and 
bence  northwesterly  to  the  ninety-sixth  meridian.  It  included  a 
onsiderable  portion  of  the  Ignited  States,  data  for  which  were  sup- 
plied by  Hall  and  other  American  geologists. 

Overlying  the  graptolitic  shales  of  the  Utica  and  Hudson  River 
ormations  in  the  vicinity  of  Quebec,  Logan  found  a  conformable 
eries  of  sandstones,  shales,  and  conglomerate  limestones,  which  he 
considered,  in  spite  of  their  position,  as  older  than  the  Hudson  River 
[roup  formation  and  to  which  he  applied,  from  their  geographical 
)osition,  the  name  of  the  Queljec  group.  This  was  again  subdivided 
ntoan  underlying  green  sandstone  series  called  the  Sillery  formation, 
ind  an  overlying  Levis  formation.  These  were  supposed  by  both 
-ogan  and  Billings  to  be  mainly  contemporaneous  with  the  Calcifer- 
>u.s  and  Chazy  groups  of  the  New  York  geologists,  but  more  recent 
nvestigations  by  SeIw\Mi  and  Ellis  have  shown  that  while  the  Levis 
^ds  are  Calciferous  in  the  lower  parts,  the  Sillery  is  probably  all 
Cambrian  (Dana),  the  Quebec,  as  a  whole,  being  a  northern  continua- 
*on  of  the  Taconic  series.  By  a  singular  error,  to  which  Marcou 
^as  prompt  to  call  attention,  this  Quebec  group  on  the  uv\sl^^  v^lvvY\<i^ 
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lii  alKiv(5  was  iiiadi*  to  inrliide  the  Chazv  and  Calciferous  fomuitioDS 
U'low  the  Trenton. 

It  is  worthy  of  note  that,  while  I»gan'«  .suc<-e.ssors  have  been  inva- 
riably opi>osed  to  the  idea  of  the  origin  of  the  drift  and  rock  striatioos 
through  a  glacial  iee  sheet,  Logan  evidently  committed  himself  to 
this  theory.  Concerning  the  origin  of  the  lake  liasins  of  western 
('anjula  he  writes: 

T!h*w  jfn-at  lake  !>aHi!is  are  depresHione,  not  of  geological  ptructure,  bnt  of  denudi- 
tion,  and  the  gnKive?*  on  tlie  Hurface  rockn,  which  descend  under  their  watere,  appetr 
to  (K^int  V)  glacial  action  a^^  one  of  t}ie  great  cauaee  which  have  produced  the* 
ileprennionH. 

Again,  in  a  f(K>tnote  on  the  same   page,  he  quoted,  with  evident  \ 
approval,  the  following: 

ThJH  hyfH>thes'is  (i.  e.,  the  origin  of  the  lake  basins)  points  to  a  glacial  i>eriod  when 
the  whole  n*gion  was  ehwateci  far  alx)ve  its  present  level,  and  when  the  Lanrentides, 
the  Adirondaekn,  anti  tlie  Green  M<iuntain8  were  lofty  Alpine  ranges,  covered  with 
jK*riK*tiial  Hnow  frr»ni  whi<!h  jrreat  frozen  rivers  or  glaciers  extended  over  the  pUuM 
Ix'low,  pnnhK'ing  by  their  inovenientH  the  glacial  drift  and  scooping  out  the  river  | 
valleyn  and  the  bawinw  of  the  hiken. 

Jt  was  in  this  same  leport  that  Logan  first  noted  the  occurrem^e of 
a  HUp|)osed  fossil  in  the  Laurentian  of  Canada,  describing  under  the  ] 
nanu*  of  Stroimthqumi  rmjom  an  aggregate  of  crystalline  pyroxene 
and  calcite  founcl  bv  Mr.  John  Mullen  in  one  of  the  bands  of  lime- 
stone  at  the  (irand  Calumet.  This  was  the  so-called  Eozoon  of  l)iiw- 
son.  refeired  to  elsewhei'e. 

Logan,  lor  liis  time,  ])()ssessed  a  very  profound  insight  into  petro- 
grapliieal  j)n)l)l('ms.  thouo-b  b*'  naturally  regarded  as  traces  of  an  ' 
oi'i<^nnaI  bedding  what  is  now  knowr]  to  be,  in  part,  at  least,  folijiti(ni  j 
due  to  dynamic  causes.  Thus,  in  his  reports  for  1853-185(>,  he  wroto  * 
eonecM'ninLT  the  rocks  of  the  Laurentian  system: 

They  an'  the  most  iiiicient  yet  known  on  the  continent  of  Amerioa,  antl  are  i^^v 
|)os«'(l  to  he  (MjuivaN'Fit  t<»  lh(i  inm-lH'arinjr  series  of  Scandinavia.  Stretching  on  ihe 
north  si«l('  i\i  the  St.  LawnMicc  from  Labrador  to  Lake  Superior,  tliey  occupy  by  far 
the  larp'r  share  of  ('ana<la,  aii<l  they  have  been  descrilxni  in  former  re}x»rt^  ju*^  seili- 
mentary  (l('|K>Hits  in  an  altered  condition,  consisting  of  gneiss  interstratifie^l  with 
important  ban<ls  of  crystaUine  limestone  (p.  7). 

And  again: 

Tbe  Laurentian  series  are  altered  sedimentary  rocks. 

Tl)e  geology  of  the  islands  of  Anticosti,  Mingan,  and  the  Magdalen 
River  region  was  assigiunl  by  Logan  to  James  Richardson,  who  made 
his  repoit  in  lsr>T.  The  fossils  collected  were  worked  up  by  Billin^'>. 
who  considered  the  rocks  of  the  Anticosti  group  to  consist  of  be(l> 
of  ])assage  from  the  LowtM*  to  the  Tpper  Silurian  and  synchronous  i 
with  the  Oneida  conglomerate,  the  Medina  sandstone,  and  the  CHnton 
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^roup  of  the  New  York  survey,  and  with  the  Caradoc  formation  of 
Cnjrland." 

The  possibility  that  the  Laureutian  system  might  not  be  a  single 
init  was  here  again  recognized  b}'^  Ijogan  in  a  supplementary  note: 

If,  on  exploration  to  the  eastward  of  the  Trembling  Mountain,  it  should  be  further 
isoertained  that  the  two  inferior  limestone  bands  of  the  Greenville  series  disappear 
m  reaching  the  margin  of  the  anorthosite,  it  may  be  considereii  as  conclusive  evi- 
\ence  of  the  existence  in  the  Laurentian  system  of  two  immense  sedimentary  fonna- 
ions,  the  one  superimposed  unconformably  on  the  other,  with  probably  a  great 
iifference  in  time  between  them;  and  it  will  be  an  interesting  sabject  of  inquiry 
jirhether  the  intrusive  rocks  which  have  been  found  intersecting  thjp  lower  division 
jive  any  clue  to  events  which  may  have  happened  in  the  interval.  _' 

Logan  was  born  of  Scottish  parentage  at  Montreal  in  1798,  but  his 
father  shortly  returning  to  Scotland,  he  received  his  early  training, 
which  was  classical,  in  the  High  School  and  Universitj'^  of  Edinburgh. 

He  showed  no  disposition  toward  scientific  pursuits 
Sketch  of  Logu.       Until  chancc  led  him  to   the  keeping  of  accounts  in 

the  establishment  of  an  uncle,  who  was  interested  in 
mining  and  copper  smelting  operations  in  Wales.  Here  he  was 
attracted  by  the  phenomena  of  the  coal  seams  and  devoted  a  large 
^hare  of  his  spare  time  to  their  study. 

In  1838  the  death  of  his  uncle  caused  him  to  give  up  his  position  in 
Wales,  and  in  1840  he  returned  to  Canada.  His  first  geological  paper 
was  on  the  character  of  the  beds  of  clay  immediately  below  the  coal 
seams  of  South  Wales.  This  was  communicated  to  the  Geological 
Society  of  London  in  1840.  In  this  he  announced  tho  invariable 
presence  under  the  coal  seams  of  beds  of  fire  clay  carrying  Stigmaria. 
This  he  regarded  as  proving  the  origin  of  coal  through  plant  growth 
in  plac*e — an  opinion  which  was  very  generally  accepted  at  that  time. 

When  Logan  began  his  geological  work  in  Canada  a  large  portion 
of  the  country  was  a  wilderness,  without  roads,  and  there  were  no 
maps.     Of  the  topography  of  the  Gasp^  district  it  is  written: 

Little  was  known  of  the  region  beside  the  coast  line;  of  the  geology,  practically 
nothing.  Settlements  were  few,  confined  almost  exclusively  to  the  coast,  and  made 
up  chiefly  of  fishermen.  There  were  no  roads  through  the  interior,  most  of  which 
was,  and  indeed  still  is,  a  wilderness,  inhabited  by  bears  and  other  wild  beasts,  or  at 
best  only  penetrated  in  certain  regions  by  a  few  Indians  or  luml)ennen.  The  courses 
of  nnjst  of  the  streams  were  unknown  and  the  mountains  untraversed. 

Living  the  life  of  a  savage,  sleeping  on  the  beach  in  a  blanket  sack,  with  my  feet 
to  the  fire,  seldom  taking  my  clothes  off,  eating  salt  pork  and  ship's  biscuit,  occasion- 
ally tonnented  !)y  mosquitoes. 


«Prof.  N.  S.  Shaler,  in  a  paper  before  the  Boston  Society  of  Natural  History, 
December  18,  1861,  antagonize<l  that  view  and  argued  that  from  the  base  of  the 
level  of  the  Canadian  channel  to  the  summit  at  the  southwestern  point  of  the  island 
the  beiis  were  entirely  UpiH>r  Silurian  and  synchronous  with  the  Clinton  and  Niagara, 
of  New  York  and  elsewhere,  though  the  fossils  themselves  might  not  be  absolutely 
identified. 
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Such  is  the  record  Logan  has  left  us  of  his  Gasp«?  experience.  Frrun 
early  dawn  to  dusk  he  paced  or  paddled,  and  yet  his  work  w&i  not 
finished,  for  while  his  Indians — often  his  sole  companions — smoked 
their  pipes  around  the  evening  fire  he  wrote  his  notes  and  platted  the 
day's  measurements. 

Logan  is  represented  to  us  as  strong  in  body,  of  active  mind,  indus- 
trious, and  doggedly  persevering,  painstaking,  a  lover  of  truth,  gen- 
erous, possessed  of  the  keenest  knowledge  of  human  nature,  sound  of 
judgment,  but  always  cautious  in  expressing  an  opinion. 

During  his  twenty-seven  years  of  oiEce,  sixteen  reports*  were  sub- 
mitted, the  first,  that  for  the  year  IS-tS,  appearing  in  the  form  of  a 
pamphlet  of  159  octavo  p^es.  It  contained  remarks  on  the  mode  of 
making  a  geological  survey  and  a  short  preliminary  report  containing 
general  observations  on  the  geoit^y  of  the  provinces,  and  adjacent 
portions  of  the  United  States,  together  with 
,'  I    the  Joggins  section  already  mentioned. 

^^^^  Assisted  by  Mr.  Alexander  Murray,  and 

^^F^  lati'r  by  the  chemist,  T.  Sterry  Hunt,  Logan 

^^V       ^*  continued   his   work   until  1S69,  when  he 

^P^  2k  resigned  to  be  suc(;eeded  by  Mr.  Selwyn. 

^    ^aS^JUl  '^'*^  reports  cover  the  geology  of  Ottawa, 

y    ^H^Pv  the  (jasplj  peniuisula,  the  economic  geology 

^^^^^^^^?  of  the  Lake  Sn])(>rior  region,  tlio  geology 

j^^^^H|^P^^^  lower  Canada  with  especial  reference  to 

^^^H^^^H^^  till'  I'listcrii  townships,  the  region  along  the 

^^^^^^  niirtli  coast  of  l^ikc  Huron,  the  gold-bearing 

tields  of  the  Chaudicre  region,  and  the  west- 
Fiii  71  — TimiMns M.rn-  Hum        '''"  l'*'"'"""''"^  '^l^o  the  Tegiou  l>etween  tho 
( htawii,  the  St.  Lawrence,  and  the  Rideau. 
pulilicatioii  WHS  hiN  geology  of  Cannda.  noticed 
■ill  niiip.  Iiearing  date  of  U'i6t!  and  mea.-*uring  f* 
hiivc  been  the  largest  and  most  comprchensivp 


His  1 


ist  itii|K>rti 
above.  His  geoln^Neal  nm 
by  Si  feet.  Is  s,ii<l  to  have 
that  ha<l  appeared  up  to  tlu 
rnder  the  direrturship  , 
-lariH-s  1*.  n<.ule\.  be;,'UU  ^ 
INIH,  nmkinu;:!  firsi  l.rief  \ 
tiiitied  until 
iliS'fio*"";"*'         li>l,ea  ill  lin 


if  Logan.  .Alexander  Murray,  assisted  hy 
.-oi'k  on  llie  geology  of  Newfoundland  in 
■port  in  May,  lSti6.  The  survey  was  .-eii- 
I.SSM,  and  a  reprint  of  all  the  reports  pul>- 
>k  form  -  an  octavo  volume  of  ylW  jwges— 


The  workjis  u  whole  i-oMsi^ted  mainly  of  details  of  structure  of  the 
regic^is  iniiuedialely  along  the  coast,  with  notes  on  the  mines.  The 
various  subdivisicius  i,f  the  fi)riniitioris  adopted  were  natui-ally  those 
iif  (he  Canadiiui  suney.  which  were  based  to  a  considerable  extent 
mum  l]io>e  of  the  New  York  survey. 
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Naturally,  Murray's  observations  were  limited  mainly  to  a  conipar- 
tively  narrow  belt  along  the  coast.  With  the  exception  of  the  (Jlacial 
nd  post-Glacial  material,  no  formations  were  found  of  later  date  than 
le  Carboniferous.  The  succession  of  the  Lower  Silurian  formations 
f  the  island  from  above  downward  he  gave  as  follows:  Sillery,  Lau- 
on,  Levis,  Upper  Calciferous,  Lower  Calciferous,  Upper  Potsdam, 
iower  Potsdam,  and  St.  John's  Group.  The  St.  John's  Group  is  now 
ecognized  as  Middle  Cambrian  (?),  while  his  Lower  Potsdam  is  Lower 

Cambrian. 

I 

Before  the  beginning  of  Murray's  work  it  had  already  been  shown 
y  Richardson,  working  under  direction  of  Ix)gan,  that  a  trough  of 
jower  Silurian  rocks  must  underlie  the  northern  part  of  the  Gulf  of 
\t.  Lawrence,  graduall}'  narrowing  toward  the  Strait  of  Belle  Isle,  one 
ide  of  the  trough  rising  on  the  coast  of  Labrador,  while  the  other 
ormed  the  western  shore  of  Newfoundland  from  Bonne  Bay  to  Cape 
Gorman.  On  each  side  of  the  Strait  these  rocks  were  found  to  rest 
n  I^aurentian  gneiss,  which  was  ascertained  to  extend  from  the  neigh- 
orhood  of  Bonne  Bay  to  within  12  or  15  miles  of  Hare  Bay. 

Murray's  investigations  proved  that  the  Laurentian  rocks  spread  in 
»readth  to  the  Atlantic  coast  of  the  great  northern  peninsula  of  the 
sland,  and  that  the  base  of  the  Lower  Silurian  strata,  sweeping  around 
he  northern  extremity  of  the  gneiss,  comes  upon  the  coast  near  Canada 
Jay,  and  again  strikes  into  the  land  at  Coney  Arm  in  White  Bay, 
^here  the  Lower  Silurian  are  overlaid  by  Upper  Silurian,  followed 
>y  rocks  of  Devonian  age.  Farther  to  the  southeast  the  I^aurentian 
.nd  Silurian  series  were  found  to  be  partially  and  unconformably  cov- 
ired  by  rocks  of  Carboniferous  age. 

The  report  was  accompanied  by  a  colored  geological  map  on  ten 
heets,  on  a  scale  of  25  miles  to  the  inch. 

As  already  noted,  the  Canadian  geologists,  with  the  exception  of 
LiOgan,  have  never  taken  kindly  to  the  idea  of  a  glacial  ice  sheet,  but 
lave  sought  to  account  for  the  distribution  of  the  drift,  erosion,  and 

allied  or  associated  phenomena  through  other  means. 
{jgjSoiMsS.*"'  Thus,  J.  W.  Dawson,  in  his  address  before  the  Nat- 
ural History  Society  of  Montreal  in  18G4,  took  occasion 
o  combat  vigorously  the  idea,  on  the  ground  that "'  it  rec^uires  a  series 
)f  suppositions  unlikely  in  themselves  and  not  wan-anted  by  facts;" 
hat  it  seems  physically  impossible  for  a  sheet  of  ice  to  move  over  an 
lawson's  AddrtM  ^vcn  surfacc,  striating  it  in  uniform  directions  ovei' 
iiirtory  socie^of  ^'*^*  arcas;  that  glaciers  could  never  have  transported 
fiootreai,  1864.  ^1,^  large  lK)wlders  and  left  them  in  the  positions  found, 
laving  no  source  of  supply;  that  the  peat  deposits,  fossils,  etc.,  show 
hat  the  sea  at  that  period  had  much  the  same  temperature  as  the  pres- 
jnt  Arctic  currents,  and  that  the  land  was  not  covered  by  ice. 
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Ill  doscrihingf  the  northeasterly  and  southwesterly  and  northwester! v 
and  southejisterly  directions  of  the  rock  striae,  he  announced  that  he 
had  no  hesitation  in  assert in^  that  the  force  which  produced  the  .south- 
westerly strije  was  ''from  the  ocean  toward  the  interior,  a^i^inst  the 
slope  of  the  St.  I^wrence  valley,"  and  as  he  could  not  conceive  of  a 
glacier  moving  from  the  Atlantic  up  into  the  interior  he  considered 
this  as  at  once  disposing  of  the  glacial  theory.  He  conceived,  rather, 
that  a  subsidence  took  place  sufficient  to  convert  all  the  plains  of 
Canada,  New  York,  and  New  England  into  sea.  This,  he  felt,  would 
determine  the  direction  of  the  Arctic  current  which  would  move  up 
this  slope.  He  would  account  for  the  excavation  of  the  basins  of  the 
Great  Lakes  in  a  similar  way.  Supposing  the  land  submerged  so  that 
the  Arctic  current  from  the  northeast  should  pour  over  the  Laurentian 
rocks  on  the  northern  side  of  Lake  Superior  and  Lake  Huron,  it  would 
cut  out  the  softer  stratsi,  forming  the  basins  and  drifting  the  material 
to  the  southwest. 

The  lower  strata  of  this  current  would  be  directed  through  and 
between  the  Laurentide  hills  and  the  Adirondacks,  and,  flowing  over 
the  ridge  of  hard  rock  which  connects  them  at  the  Thousand  Islej?, 
would  cut  out  the  basin  of  Lake  Ontario  and  heap  up  at.the  same  time 
the  mass  of  bowlder  clay  intervening  between  Lake  Ontario  and 
(leorgian  Bay.  Lake  Erie,  he  thought,  might  have  been  cut  by  the 
flow  of  the  upper  layers  of  water  over  the  middle  Silurian  escarpment, 
Lake  Michij^^-aii  beiiitji^  likewise  due  to  this  unequal  erosion.  The 
northwesterly  and  southeasterly  stria*  he  conceived  were  produced  bv 
a  return  of  tlie  iiortliea^^t-southwest  current,  obstructions  causinj'  it 
to  tlow  alon<4'  the  valhn's  of  Lake  Champlain,  the  Connecticut,  and 
the  low  country  hetwe(Mi  Lake  Ontario  and  Lake  Huron.  He  would 
not  wholly  exclude  the  action  of  glaciers,  but  thought  such  were 
liinitcnl  to  the  mountain  tops.  Old  sea  beaches,  he  thought,  had  been 
mistaken  for  moraines,  and  he  found  evidences  of  ocean  breaker^ 
ahnost  to  the  sununits  of  tlie  White  Mountains.  Lake  basins  and 
riords  in  tlic*  northern  latitudes  are  all  due  to  current  and  wave  action, 
the  cokl  Antic  currents  bcinn^  appealed  to  rather  than  the  warm 
surface  currents.  He  also  felt  sure  that  the  numerous  indentations  of 
the  coast  of  the  Tnited  States  were  due  to  the  action  of  waves  nithor 
than  of  ice. 

In  the  autunni  and  winter  of  lsr),V()4  Raphael  Pumpelly,  of  Rhode 
Island,  was  enoao-ed  hv  the  Chin(\s(^  (lovernment  to  examine  the  coal 
H(^l(ls  w(\st  of    IVkin^r.     Incidentally  he  made  journeys  in  northern 

China  and  Mongolia.  Subsequently,  in  1864-65,  he 
Chfna*" 863^4*^'^ '"  c 'ossed    iuto  Siberia  and   journeyed  overland   to  St. 

P(^ters})urg.  The  results  of  his  observations  on  the 
geoloory  of  the  re*ifion  were  ])ublished  in  the  Smithsonian  Contributions 
to  ii/jou'iedge,  ISGG,  forming  a  v\vm\lo  \)«A\i>^Vi\e.t  ot  144  pages  with  S 
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of  sections,  and  a  foloied  {jeolofjical  miip,  the  Iftttur  confessedly 
letical.  Thw  nietnoir,  which  antt'datAHl  Kichthofen's  gifiit  work 
na  by  some  y«ar»,  gave  to  the  world  the  tirtst  aiithentiv  Heeount 
geology  of  the  region. 

ihowed  that  in  the  region  extending  from  the  twentieth  to  a  littlo 
1  the  fortieth  parallel  and  from  near  the  one  hundredth  to  about 
le  hundred  and  twenty-second  meridian  the  oldest  sedimentary 
were  Devonian  lime^stones,  which  prevailed  in  some  aises  to 
ormous  thickness  of  11,60*)  feet.  Overlying  this,  through  the 
r  part  of  the  area,  were  the  Chinese  Coal  Measurer)  (Mesozoio), 
ipted  by  bands  of  granitic  and  metamorphlc  rock  of  nndcter- 
age.  In  the  extreme  noithei'n  part  of  this  region  was  a  com- 
t'ely  small  area  of  basaltic  and  trachytie  rocks.  The  region 
liately  south  of  Peking,  comprised  princijjally  withii>  the  prov- 
jf  Chihii,  Nganhwui,  Kiaiigsu.  and  Shantung,  was  coloi-ed.  as 
ed  by  post-Tertiary  matei'ials,  with 
r  areas  of  the  same  age  along  the 
se-Kiang  and  Hoangho  rivers  in  the 
ices  of  Hupeb,  Sz'chucn,  and  Shensi. 
siderable  attention  was  given  to  the 
ertiary  "Terrace"  deposit,  or  loam, 
he  found  in  the  valley  of  every  tribu- 
f  the  Yang  Ho,  and  proljably  also  of 
nkang  Ho.  This,  which  has  .since  be- 
nore  generally  known  as  tlio  Chinese 
was  described  in  considerable  detail  as 
les  of  occurrence,  physical  properties, 
eological  distribution.  The  mat<.'rial 
'arded  as  haviug  been  deposited  In  a 
)i  lakes  extending  from  Yenkingchau 

northwest  of  Peking  to  near  Ninghia,  in  Kansuh,  a  di.stance  of 
500  miles,  the  lake  basins  themselves  being  formed  by  the  dis- 
>ns  which  gave  nse  to  the  plateau  wall  to  the  nortli,  and  being 
>y  sediments  brought  by  the  Yellow  River, 
fossil  plants  brought  by  Punipelly  from  the  coal-bearing  rocks 
itudied  by  Newberry  and  identified  as  of  Alesozoic  age. 
rge  H.  Cook,  who  was  a.-ssistaut  geologist  of  New  Jersey  under 
tchell  survey  {su.spended  in  1.S56),  was  ap)xiinted  State  geologist 
he  reorganization  of  the  same  survey  in  DiU'ii,  and  continued  to 

serve  in  this  capacity  until  the  time  of  his  death  in 
jey.  1889.     His  tirst  annual  report,  that  for  IStirt,  bearing 

the  date  of  1S05,  was  a  small  pamphlet  of  but  rjil  pages, 
ntained  a  single-page  colored  geological  map  of  the  State,  the 
I  of  its  kind  to  be  issued,  the  first  having  been  by  H.  D,  tla^tv*-. 


Ji 


•        ^^: 
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One  of  the  first  tasks  which  Doctor  Cook  imposed  upon  himself 
after  his  appointment  was  the  preparation  of  a  large  octavo  vohinie, 
acx^ompanied  by  a  jwrtfolio  of  maps,  setting  forth  the  condition  of  the 
knowledge  of  geology  of  the  State  up  to  the  date  of  publication  (18H8). 
In  this  work  he  gave  a  general  summary  of  all  his  previous  work,  and 
upon  it  we  will  draw  largely  for  other  facts  which  may  be  given  here. 

Naturally  the  question  of  the  age  and  stratigraphic  position  of  the 
white  limestone  came  up  for  discussion.  He  quoted  the  opinion  of 
Rogers  (p.  826),  and  found  reason  for  ditfering  with  him.     He  wrote: 

• 

In  regard  to  the  crystalline  limestones  he  was  mistaken.  They  are  everywhere 
conformable  to  the  gneiss  and  interstratiiied  with  it.  His  mistake  is  acknowle^lged 
by  his  former  assistant,  J.  P.  Lesley,  in  tlie  American  Journal  of  Science,  LXXXIX, 
p.  221.  The  true  ]>4isition  and  identity  in  age  of  the  crystalline  limestone  and 
gneiss  was  proved  by  Vanuxem  and  Keating,  in  the  Journal  of  the  Academy  of 
Natural  Sciences  in  1822,  an<l  this  view  has  been  sustained  by  all  the  observations  of 
Doctor  Kitchell  and  his  assistants  and  can  be  easily  verified  by  anyone  who  will 
visit  the  localities  cited  in  this  rejtort.^f 

Cook  was  inclined  to  regard  the  magnetic  iron  ore  as  of  sedimen- 
tary origin,  deposited  in  beds  just  as  were  the  gneiss  and  crystalline 
limestone,  in  this  respect  agreeing  with  Doctor  Kitchell  and  disagree- 
ing with  II.  D.  Rogers. 

As  early  as  1854  Cook  had  called  attention  to  the  gradual  subsidence 
of  the  coast  of  New  Jersey,  and  before  his  death  was  able  to  give 
ahsolut(»  tigun's  regiirding  the  rate  of  depression. 

Cook  was  horn  in  Hanover,  N(»w  •lersey,  in  1818,  and  educated  in  the 
public  schools  of  the  Stale  and  tlie  Keiisselaer  Polytechnic  Institute, 
whence  he  graduated  in  ls:59  with  the  degree  of  C.  E.  After  gradua- 
tion h('  remained  at  the  Institute  as  tutor,  adjunct  pro- 
skctchofCook.         fcssor,  aiul  linally  full  professor,  until  iS-ltJ,  when  he 

removed  to  Albany,  New  York,  where  he  was  engaged 
at  first  in  business  and  latterly  as  professor  of  mathematics  and  natural 
philosophy,  and  finally  principal  of  the  Albany  Aciidemy. 

In  isriii  lie  wtis  sent  to  Europe  V)y  the  State  authorities  of  New  York 
to  study  the  salt  xlcposits,  with  a  view  of  developing  those  of  Ononda^rn 
County.  In  is:):^>  ho  ar<'(»pted  a  call  to  the  chair  of  chemistry  ami 
natural  x-iences  in  KutgcMs  College,  New  Jersey,  retaining  his  connec- 
tion with  the  institution  during  tin*  remainder  of  his  life,  though  after 
lsr>4  beinii'  actively  coiuiected  with  the*  State*  geological  survey.  In 
Isso,  ni<)nM)ver,  he  was  made  director  of  the  State  agricultural  exper- 
iment station,  wiiieli,  indei^d,  had  been  established  largely  through  hi> 


"Stiidit's  l)y  Mr.  A.  (_'.  SpciHcr,  of  \\w  Tnitcd  States  ( u'olojriral  Snrvi'V.  nunU*  diir- 
inir  till*  scax)!!  <»1  IHDl,  ]»(iint  to  an  iLriH'nn>urit:iii  for  the  gneiss.     This  view,  of  fmirse. 
effectively  4is|n>^«s  of  tlie  i«l«*a  that  the  limestone  is  conformable  with  tbe  gneiss  im«l 
intemtrntitii'd  with  it. 


Georqe  Hammell  Cook. 

SUM  Qeologlsl  ol  New  Jeraey. 
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V  noble  and  unsellish  man,  who,  as  »ome  one  has  expressed  it,  ^'  went 
ind  out  of  the  housen  of  this  State,  making  friends  of  every  man, 
uuuiTand  child  he  met."  Farseeing,  persistent,  ever  calai  and  judi- 
us  in  his  work,  yet  light  hearted  and  cheerful  among  his  friends — 
broail  expaoM  of  fuce,  full  oF  ligbt,  hi»  eyee  gleauiing  with  kindlinees,  as  well  as 
1  shrewduese,  and  often  with  a  riKht-merry  twinkle;  hia  genial  smile,  his  frank 
ling,  never  niarred  hy  any  hollow  and  fiippaat  phraxe  of  mere  etiquette,  hut  aa 
eat  an  it  is  cordial;  hi?  sympathy,  so  responsive  yet  so  genuine;  his  massive 
i|lh  i|uiet  strength  of  purjiose;  an<)  his  self-cunbuntxl,  self-poised  nature,  all 
vned  with  boundless  hopefulness,  nnitei)  to  make  his  very  presence  an  inspira- 
and  benediction. 

n  the  author's  memory  there  are  two  men  atiiong  American  geolo- 

a  who  stand  out  an  devotees  of  science,  yet  entirely  free  from  the 

rowness  of  the  speciali.'^t  or  the  personal  idiosyncrasies  that  ao  f  re- 

ntly  mar  the  character  of  men  of  their  class.     These  two  men  are 

)rge  H.  Cook  and  Edward  Orton.     They  loved  science  for  science 

e.  yet  did  not  close  their  eyes  to  its  eco- 

lic  tearing,  nor  call  upon  an  overtaxed 

ilic   to  support  them  in  the  work  they 

?d,  regardless  of  its  outcome.     Never  a 

lister  of  the  gos^pel  had  the  interests  of 

parishioners  more  at  heart  than  these  two 

1  that  of  the  public  they  served.     For 

niselves  they  asked  simply  the  privilege 

loing  the  work  and  doing  it  to  the  best  of 

ir  ability. 

1.  F.  Mudge,  as  State  geologist,  submitted 

First  Annual  Report  on  the  Geology  of 

isas  for  the  year  18(14,  in  fonn  of  an 

o<:tiavo  volume  of  .56  pages, 
Ulif.in'tS'SSr  '"  1^^^-     H^  announced  the 

lowest  geological  formation  of  the  State  to  >)c  the  upper 
tion  of  the  Coal  MeaMures,  of  which  he  gave  a  section  in  Leaven- 
■th  County.  He  accepted  the  identification  of  the  Permian  age  of 
fossils  which  had  been  described  by  Meek.  Hayden,  and  Swallow, 
noted  the  occurrence  of  the  Tria.ssic  and  prolwibly  the  Jurassic 
',  in  a  l)elt  of  territory  crossing  the  Ropiiblican  and  Smoky  Hill 
eys,  and  also  the  Cretaceous,  the  geographic  limits  of  which  had 
been  worked  out.  He  regarded  the  drift  and  erratic  bowlders  as 
to  icebergs, 
rofessor  Mudge  was  liorn  in  Maiue  in  1817,  and  graduated  at 

Wesleyan  I'niversity,  Connecticut,  in  18i(l.  After 
:h  of  MBdie.      graduation  he  studied  law  and,  Iieing  admitted  to  the 

bar,  pnioticed  his  professi<in  in  Lynn,  M«s.sacliusctts. 
il  1859.  During  18.1)1  and  ISfiO  he  was  eiu\tloyc'i&'ft«;'a««i\A\v\^W. 
Isea,  Massachusetts,  and   Breckinviilge,  KentueV.^- .  o'\  ■v^'aw^wss., 
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and  ill  1861  he  removed  to  what  is  now  Kansas  (^ty ,  Kansas,  where  he 
engaged  in  teaching.  Such  a  life  would  now  be  considered  as  little 
fitting  a  man  for  the  profession  of  geology,  yet  in  1864,  having  by 
invitation  delivered  a  course  of  lectures  before  the  Kansas  legislature 
upon  the  geological  resources  of  the  State,  he  was  unanimously  elected 
State  geologist,  a  jx^sition  which  he,  however,  filled  for  but  a  single 
3'ear,  resigning  to  accept  the  professorship  in  natural  history  in  the 
Agricultural  College  at  Manhattan,  where  he  remained  until  1873. 
His  resignation  from  this  last  position  is  stated  to  have  been  caused 
by  disgust  arousc»d  at  the  politic^al  conditions  in  which  the  institution 
}>ecame  involved  and  the  assumption  of  its  presidency  b}'  a  well-known 
ix)litician,  with  no  qualifications  whatever  for  the  position. 

Although  !)y  profession  a  lawyer,  Mudge  is  stated  to  have  been 
throughout  his  whole  life  deeply  interested  in  natural  sciences,  and 
while  in  Lynn  to  have  taken  an  active  part  in  the  organization  of  the 
Lvnn  Natural  Historv  Societv.  In  Kansas  his  scientific  work  wai< 
larg(»ly  in  th(»  line  of  exploration. 

• 

ArdiiouH,  intrepid,  willingly  undergoing  hardships  and  dangers  for  the  sake  of 
wdence,  he  explore*!  a  very  large  part  of  Kansas  when  explorations  meant  real 
dangers  and  harrlshiiw  of  the  mf)st  pronounced  kind.  As  early  as  1870  lie  made 
explorations  in  the  extreme  western  part  of  the  State  in  the  study  of  its  geology  and 
paU»ont*)logy,  and  for  years  afterwards  nearly  every  summer  found  him  in  the  midst 
of  the  Indian  country,  usually  wholly  without  protection  from  the  danger  of  hostile 
Indiana,  wivc  Hiich  as  his  own  rifle  and  revolver  afforded.  In  the  summer  of  1874  lie 
cxplon^l  \\\i\  whohi  lcn*rth  of  the  Smoky  Ilill  River,  an  utterly  tnu'kless?  wild, 
iiifeste*!  by  Indians,  whose  inurderouH  depredations  were  visible  on  every  8i<ie. 

Mudo^c^s  hihlio^niphy  is  In'ief  and  the  papers  generally  limited  to 
hilt  ji  few  pjitjfcs  at  most.  Ilis  material  be  willingly  put  in  the  hands 
of  otJKM's  for  piii)li<*ati<)n,  and  Marsli,  (yope,  White,  and  Lesquereux 
profited  tlicrchv.  It  was  during  one  of  those  earlier  trips  that  he  dis- 
covcMcd  the  first  specimen  of  Iclithyornis,  which,  coming  into  the 
hands  of  Marsli,  did  so  much  toward  making  the  latter  famous. 

Mudgc  !nad(»  the  first  geological  map  of  the  State  (Kansas),  which 
is  fairly  correct  in  its  main  features,  sjive  for  the  Lower  Cretaceous, 
which  he  failed  to  recognize. 

Me  mapped  and  descrilu'd  with  tolenible  accuracy  and  fullness  the  physical  stnio- 
tures  nf  the  different  (VetaceoUH  and  Tertiary  horizonp.  Much,  if  not  most,  of  the 
information  thns  ^iven  was  based  ni)on  his  patient  researches  in  wagon  or  on  foot. 
In  p'lieral  it  may  trnthfnlly  be  said  that  his  juoneer  work  in  Kansas?  gtH>logy  wa-^ 
imp<»rt:ini  and  extensive,  though  now  lary:ely  superseded  by  more  detaile<l  ami 
accnrate  studies.  His  work  in  life,  however,  luis  (chiefly  borne  fruit  as  a  teacher.  He 
NMis  widely  known  as  an  enthnsiastii'  and  al)le  lecturer,  and  his  courses  were  always 
in  demand  by  tbe  teacbers  and  scientitic  nu'n  of  the  State.  His  quiet  mcKlesty  ami 
nnsellisbntss  disarmed  all  envy  and  jealousy.  Of  most  channing  personality,  of 
widr  nlture,  an<l  unbounded  enthusiasm,  bis  teaching  nia<le  an  unusual  impression 
upon  all  with  \\b<>m  be  came  in  contact. 


AMXRIOAN   tnCOLOQY — DECADE   OF   1860-1869. 


527 


In  1866,  Ot.  C.  Swallow,  who  succeeded  B.  F.  Mudge  as  Stntc 

geolo^t,  issued  a  Preliminary  Report  of  the  (Jeologk-al  Survoy  of 

Kansas,  in  form  of  an  octavo  volume  of  19B  p^ea,  including  a  report 

by  Dr.  Tiffin  Sinks  on  the  Climatology,  and  one  l>y 

q«^atic«i sarvy      Dr.  C.  A.  LogaH  on  the  Sanitary  relations  of  the  State. 

Maj.  F.  Hawn  was  assistant  geologist. 

Special  attention  was  given  to  the  eastern  and  central  part  of  the 
State,  He  found  rocks  belonging  to  Quaternary,  Tertiary,  Civta- 
ceous,  Triassic  (?),  Permian,  Lower  Permian,  and  Carboniferous  f«r- 
nutions,  the  lowermost  division  being  the  l^ower  Carboniferous.  Tlie 
buff,  mottled,  and  red  sandstones  luiderlying  the  Cretaceous  were 
doubtfully  referred  to  the  Triassic  from  their  resemblance  to  the 
foreign  Triassic  and  the  presence  of  a  N'tculii  resembling  the  Sjn-vi'iKti 
of  Munst«r  from  the  Muschelkalk  of  Bindlock.  The  presence  of 
Permian  beds,  it  will  be  remembered,  he  had  pi-eviously  anmiunctKl. 
The  coal-bearing  roi-ks  he  estimated  at  a,0OU  feet  in  thickness  and 
underlying  an  area  of  over  17,000  si|uare 
miles.  In  these  he  announced  twenty-two 
distinct  and  separate  beds  of  coal,  ranging 
in  thickness  from  1  to  7  feet. 

This  work  of  Swallow  in  Kansas  has  l)een 
lai^ely  overlooked  by  recent  workers.  Ac- 
cording to  Keyes,"  a  large  portion  of  it  was 
not  only  good  but  marvelously  well  done  for 
its  day  and  the  conditions  under  which  it  was 
accomplished.  The  historical  importance  of 
Swallow's  work  "lies  in  the  fact  that  some 
of  his  gcf^raphic  names  applied  to  geologic 
terranes  will  have  to  stand  as  valid  terms,  al- 
though his  correlations  were  often  very  bad." 

Swallow,  like  Mudge,  was  Iwrn  in  Maine, 
but  was  of  Norman-French  descent.  Tie  studied  the  natural  sciences 
under  Parker  Cleaveland,  at  Bowdoin  College,  gmduating  in  1.S43,  and, 
after  several  yeai's  in  educational  work,  accepted  the 
Sketch aisnBnr.  chair  of  chemistry,  geology,  and  mineralogy  in  the 
University  of  Missouri  in  Columbia,  From  lS.5tJ  to 
1861,  the  dat«  of  the  discontinuation  of  the  survey,  he  served  as 
geologist  of  Missouri,  and  in  186.^  was  apjjointed  State  geologist  of 
Kansas,  as  elsewhere  noted. 

He  is  represented  to  us  as  a  lai^e,  tine-looking  man,  over  (i  feet  in 
height,  and  a  very  close  observer  of  all  nafcuml  pheninnena.  Accord- 
ing to  Professor  Brondhead,  "'  No  other  man  during  the  same  length 
of  time  has  ever  gone  into  a  strange  licld.  traversed  Ihe  country,  ami 
published  a  volume  all  in  a  year  and  a  half,  as  he  did."     Switllow  was 

"Amtrk^a  (Jeologiat,  Juue,  ITOO,  \:  'ii*. 
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connected  for  a  time  (1867-1870)  with  mining  operations  in  Montana, 
but  his  scientific  field  was  limited  wholly  to  Missouri  and  Kansas. 

At  the  December  (1865)  meeting  of  the  Boston  Society  of  Natural 
History,  Dr.  N.  S.  Shaler,  then  but  twenty -four  years  of  age  and  a 
graduate  of  the  Lawrence  Scientific  School  in  Cambridge,  made  some 

interesting  remarks  on  the  elevation  of  contineDtal 

N.  S.  SlMler's  views  ?»    i.  .l      xi  ..  i.     i-ii       i 

on  Continental  Uplift,     uiasscs.     Keferrmsf  to  the  assumptions  of   Charles 

Babbage  and  Sir  John  Herschel  relative  to  the 
shifting  of  isothermal  lines  and  consequent  expansion  and  local  uplift 
along  lines  of  deposition,  he  went  on  to  argue  that  for  the  same  reajson 
sea  bottoms  on  which  sedimentation  was  taking  place  would  be  areas 
of  depression,  since  the  curving  must  take  place  in  the  direction  of 
greatest  expansion.  In  like  manner,  uplifting  would  take  place  alonjf 
lines  of  denudation.  The  intermediate  point  between  the  two  zones  of 
movement  would  naturally  be  the  sea  border,  and  hence  here  would 
occur  the  fracturing  of  the  superincumbent  strata  and  resultant  vol- 
canic phenomena.  In  this  way,  assuming  the  original  nuclei  of  the 
continents,  or  points  first  elevated  above  sea  level,  to  have  been  in 
the  northern  portion  of  the  sphere,  he  thought  it  probable  they  would 
continue  to  grow  by  uplift  southward  in  a  succession  of  southwardly- 
pointed  triangles. 

Some  six  months  later,  in  June,  1866,  he  read  before  the  same 
society  a  paper  on  the  formation  of  mountain  chains,  which  is  also  of 
interest  in  this  connection.  Accepting  the  theorv  that  the  earth's 
mass  consists  of  a  solid  nucleus,  a  hardened  outer  crust,  and  an  inter- 
mediate zone  of  slight  depth  in  a  condition  of  imperfect  igneous 
fusion,  he  ar^nied,  as  in  a  previous  paper,  that  while  the  continental 
folds  were  probably  corruo;ations  of  the  whole  thickness  of  the  crust 
the  mountain  chains  were  but  folds  of  the  outer  portion  caused  by  the 
contraction  of  the  lower  portions  of  this  outer  shell,  the  contraction 
in  both  cases  being  due  to  loss  of  heat.  Further,  the  subsidence  of 
the  ocean's  floors  would,  through  producing  fractures  and  dishxmtions 
along  those  lines,  tend  to  promote  the  formation  of  mountain  chains 
along  and  i)arallel  with  the  sea  borders. 

Still  again,  in  IS^IS,  Shaler  (having  in  the  meantime  been  elected 
professor  of  geology  in  Harvard  University)  brought  up  before  the 
Society  the  matter  of  the  natuie  of  the  movements  involved  in  the 
changes  of  level  of  shore  lines,  and  this  time  with  particular  reference 
to  chang(\s  coincident  with  or  subsecjuent  to  the  Glacial  period.  He 
showed  that  local  phenomena  of  continental  uplift  or  depression,  as 
measured  hy  the  level  of  the  sea  at  the  shore  line,  might  be  variously 
modified  by  the  position  of  the  points  of  rot^ition,  whether  immedi- 
ate! v  at  th(*  sliore  Wm'  or  at  a  ofreater  or  less  distance,  either  seaward 
or  inland.  Of  greater  significance,  however,  were  his  remarks  rela- 
tivo  to  the  changes  in  \eve\  at  t\i<i  l\\\\^  of  ^laciation.     Referring  to 
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previoos  paper,  where  be  showed  that  a  compound  bar  would,  when 
?ste«l,  head  toward  the  side  coaipotted  of  the  most  expaasive  mate- 
al,  he  compared  such  a  bar  to  a  portion  of  the  earth^s  crust  covered 
ith  several  thousand  feet  of  ice  and  unow.  The  eScct  of  this  blanket 
ould  be  to  cause  tbe  isothermal  lines  to  move  outward  toward  the 
irface,  causing  thus  an  expansion  of  that  portion  of  the  cru.st  ininic- 
iatcly  beneath  the  ice.  But  the  ice  itself  wonld  partake  very  slightly, 
'  at  all,  of  this  increased  temperature,  and,  as  in  the  ca.sc  of  the  com- 
ound  bar,  the  bending  would  take  place  in  the  direction  of  maximum 
xpansion,  i.  e.,  in  this  particular  ^'ase,  downward.  '  In  this  way,  he 
iigg^ted,  the  depresiiion  accompanying  the  period  of  maximum  glacia- 
ion  might  be  accounted  for. 

C.  F.  Hartt  and  Orates  St.  John  accompanied  Agassiz  in  the  capac- 
ty  of  geologists  on  the  Thayer  Expedition  to  Brazil  during  the  years 
865-66.      In    1867   Hartt  made   a   second 

F.iurtf.w«fc  Jo^^'iey-  spending  several 
i^rti,  months    on    the   coa.'»t,    be- 

tween Pernambuco  and  Rio, 
xploriug  more  particularly  the  vicinity  of 
tabia  and  the  islands  and  coral  reefs  of  the 
Ibrolhos. 

The  results  of  this  and  the  previous  ex- 
■edition  were  published  in  lx>ok  form  in 
-S70,  under  the  title  of  Geology  and  Physical 
ieography  of  Brazil.  In  this  work  the 
gneisses  of  the  Provmce  of  Kio  de  Janeiro 
re  regarded  as  metamorphosed  or  sedi- 
nentary  deposits  and  of  Azoii:  age.  Their 
hickness  he  did  not  even  estimate,  recog- 

lizing  the  fact  that  their  apparent  enornioiiri  thickness  wits  due  to 
lUmerous  reversed  folds,  wo  that  one  might  travel  for  miles  over  their 
pturned  edges,  finding  them  always  highly  inclined  and  dipping  in 
be  same  general  direction. 

Concerning  the  probable  age  of  the  metamorpliic  rocks  succeeding 
he  gneisses  he  found  no  proof,  though  it  was  suggested  they  inig)it 
«  Silurian  or  Devonian.  South  of  Kio  he  found  unmistakable  Car- 
oniferous  rocks,  including  beds  of  bituminous  coal,  and  in  the  pp)V 
ncft  of  Sergipe,  underlying  the  Cretaceous,  n  thick  scries  of  leil 
andstones,  referred  to  the  Trias-sic.     No  Jura-ssic  wan  i-ecognizcd. 

Marine  Cretaceous  beds  of  undetermined  extent  were  f<iund  muth 
f  the  Abrolhos  Islands,  which  were  conformaldy  overlaid  by  clays 
nd  ferruginous  sandstone,  referred  to  the  Tertiary.  Overlying  tliis 
long  the  whole  coast  he  found  an  immense  sheet  of  .•Jtnictureless 
lays,  gravels,  and  bowlder  deposits,  which  he  iM'Iieved.  with  Agassiz, 
3  have  been  the  work  of  glacial  ice,  though  \w  uo^cA,  WmsX  \w«\\'it'i^ 
HAT  Mva  1904 34 
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had  there  been  seen  either  polished  or  .striated  rocks,  such  a^j  are 
almost  constant  accompaniments  of  glaciation  elsewhere.     It  is  almort 
needless  to  add  that  this  view  is  no  longer  held  by  anyone,  the  bowl- 
ders supposed  to  have  been  erratics  being  merely  bowlders  of  decom-| 
position  and  their  distribution  the  work  of  gravity  and  water.  • 

In  1870  Hartt  went  again  to  Brazil,  and  in  1875,  while  professor  of 
geology  at  Cornell  University,  was  appointed  chief  of  the  geological 
commission  of  that  country,  with  Richard  Kathbun  as  assistant.    He|= 
died  in  1878. 

An  act  of  the  State  legislature  of  Minnesota  approved  March  2, 
1865,  provided  for  the  establishment  of  a  State  geological  survey,  but 
one   which  proved  short-lived.     Henry  E.   Eames  was   made  State 

geologist,  and  during  his  term  of  office  made  two  brief 

H   B   Pmiiiji***  Work   ^  ^        '  ^ 

inMinneMta,  reports  of  23  and  58  pages  respectively,  both  bearing 

on  the  title  page  the  date  of  1866.     The  work  was 
almost  wholly  of  an  economic  nature. 

Eugene  W.  Hilgard,  in  an  article  in  the  American  Journal  of  Sci- 
ence for  1866,  pointed  out  the  great  difference  in  the  character  of  the] 
drift  in  the  north  and  northeast  and  that  of  the  west  (Mississippi  Val- 
ley).    He  felt  that  the  glacial  theor^^  alone,  as  theaj 
th?5rift*  1866^  **"     understood,  could  not  account  for  these  deposits  northl 

of  the  Ohio  anj'  more  than  for  the  Osage  sand  delttj 
south  of  it.  Though  referring  to  Agassiz's  observation  regarding 
"the  melting  snow  of  the  doc-lining  glacial  epoch"  and  it^  instni- 
nientalit}'  in  forming  riv(»r  ttMTacos,  ho  adopted  as  more  plausible  the 
idea  first  aniiouncod  ])v  Toumov  to  the  effect  that  the  southern  drift 
may  have  ])ooii  formed  in  ('oiiso(juence  of  the  sudden  melting  of  the 
northern  ghiciors,  '"such  as  would  have  resulted  from  a  first  rapid 
depression  of  so  largo  a  mass  of  ico  })olow  the  snow  line.''  At  first  the 
flood  action  would  ho  violent,  producing  the  deep  erosion  of  the  under- 
lying formations  and  the  transportation  and  redoposition  in  mass  of 
their  materials.  After  the  first  rush,  the  stratitied  deposits  would  be 
formed,  niinglc^d  with  more*  or  loss  bowlder  material  from  floating  ice. 
The  influx  of  cold  water  from  the  north  would,  he  thought,  account 
for  the  absence  of  signs  of  life  in  the  deposits.  The  ^'grandly  simple 
means  of  a  single  elevation  and  rodoprossion  in  the  northern  latitudes 
*  *  *  will  ecjually  satisfy  the  conditions  required  for  the  forma- 
tion of  the  western  and  southern  drift.'' 

W.  C.  Kerr,  who  succeeded  Professor  Emmons  a.s  State  geologi>t<>f 
North   Carolina,  roroivod  his  oonunission  on  April  ^,  1866,  and  con- 
tinued in  service  until  the  time  6f  his  death,  in  1SS5. 

Kerr's  Qeolosrical  tt*«  i»  >     i\  i-i. 

Work  in  North  His  hrst  Koport  of  Trom-oss,  submitted  in  January. 

Carolina.  1866  1869.  ^  , 

1S6<,  was  an  octavo  volume  of  56  pages,  m  which  the 
purposes  of  the  survey  wc^ro  sot  forth  and  a  summary  of  the  geology 
of  the  w(\stern  part  of  theSUvte  g\ve\\.,^o  £vvy  as  known.     The  rocks  of 
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this  western  area  were  regarded  as  belonging  "'  to  the  most  ancient  of 
the  Azoic  series,"  and  to  have  been  above  sea  level  since  very  ancient 
times.  As  with  his  predecessors,  Kerr  was  troubled  to  account  for 
the  drift,  noting  that  while  it  occurred  far  beyond  the  limits  usually 
ascribed  to  glacial  action,  yet  there  were  ''  numerous  phenomena  which 
have  no  other  plausible  explanation." 

Kerr's  second  report,  submitted  in  1869,  was  of  equal  brevity,  but 
naturally  contained  more  of  the  results  of  the  author's  personal  obser- 
vations. He  noted  that  the  mountains,  plateaus,  and  valleys  of  the 
French  Broad  and  Lower  Catawba  areas  owed  ''  their  existence  and  all 
the  details  of  their  form  and  position  to  the  action  of  water,  the  basins 
*  *  *  being  *  *  ♦  without  exception,  valleys  of  erosion,  hav- 
ing in  no  case  an  anticlinal  or  synclinal  origin." 

The  entire  western  portion  of  the  State  he  considered  as  consisting 
of  four  groups  or  fonnations,  first,  the — 

Cherokee  slates  along  the  Smoky  Mountains,  on  the  northwest  bonier,  consisting 
of  clay  slates  and  shales,  sandstones,  grits,  conglomerates,  and  limestones;  second, 
the  Buncombe  group,  occupying  the  larger  iwrtion  of  the  great  trans-montane  pla- 
teau between  the  Blue  Kidge  and  Smoky  Mountains,  and  consisting  of  gneissic  and 
granitoid  rocks;  third,  the  Linville  slates,  a  narrow  l)olt  stretching  for  the  most  part 
along  the  Blue  Ridge  and  composed,  like  the  first  group,  of  semimetamorphic  argil- 
laceous slates  and  shales,  sandstones,  limestone,  and  gneissoid  grit>4;  frmrth,  the 
Piedmont  group,  gneissic  and  granitoid. 

He  noted  further  that  these  four  groups  constituted  two  recurrences 
of  the  same  rocks,  in  the  same  order,  recalling  Rogers's  theor\'  of  redu- 
plication by  folding  and  overturns,  as  worked  out  in  Pennsylvania. 

John  L.  Le  Conte,  a  cousin  of  the  Joseph  Le  C'onte,  elsewhere 
noted,  is  known  to  science  leather  through  his  entomological  than  geo- 
logical writings.  Five  papers  are  credited  to  his  pen  by  Darton  in  his 
joho  L.  Le  Conte's  Catalogue  and  Index  of  North  American  (ieology.  Of 
vSSnmASwnfty,  these,  the  most  important  and  the  only  one  that  need 
^^^'  here  be  considered  is  one  on  the  geology  of  the  survey 

for  the  extension  of  the  Union  Pacific  Railroad  from  the  Smokv  Hill 
River,  Kansas,  to  the  Rio  Grande.  He  made  a  detailed  study  of  the 
coal  beds,  and  on  the  basis  of  their  molluscan  remains  maintained  that 
such  were  of  Cretaceous  age  nither  than  Tertiary,  as  claimed  by 
Lesquereux.  His  reasoning  as  to  the  relative  value  of  botanical  and 
molluscan  remains  for  determining  the  age  of  beds  is  woi'thy  of  note. 
He  wrote:  "The  difference  between  the  plants  of  our  early  Cretaceous 
and  those  of  the  European  middle  Tertiary  could  be  ascertained  only 
after  much  discussion  and  by  the  stratigraphy  of  the  region,  and  we 
have  no  right  from  a  few  resemblanc(»s  in  vegetables  to  infer  the  syn- 
chronism either  of  the  western  lignite  beds  with  each  other,  or  any  of 
them  with  the  European  Eocene  and  Miocene,  except  when  supported 
by  paleontological  evidence  derived  from  animal  remalus."  lv\  t\\\^ 
most  geolo^st^  will  now  agree  with  him. 
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Lo  C'onte's  views,  as  shown  in  this  report,  concerning  the  genend 
development  of  the  western  portion  of  the  continent,  indicated  ad 
ai)ility  to  deal  with  the  lar«jfer  problems  of  geology  in  a  philojsophirtl 
and  highly  satisfactory  mannc»r.  and  it  is  perhaps  to  \ie  regretted  tlat  i 
he  should  have  allowed  himself  to  be  drawn  off  into  other  pursuits. 
As  noted,  this  j^jiper  was  the  most  important  of  his  geological  writings, 
as  it  was  also  the  last. 

The  second  geological  survry  of  Iowa  was  inaugurated  iu  April 
1S0*J,  with  Dr.  Charles  A.  White  as  director,  and  Orestes  St.  John, 
principal  geological  assistant.     The  survey  continued  to  the  end  of 

iSiJH,  results  l)eing  published  in  the  form  of  two  royil 
Sfwa^ilaS^/SftS!      octavo  volumes,  comprising  all  told  some  448  pages, 

with  a  colored  geological  map  of  the  entire  State. 

As  Hall  and  Whitn(»v  had  devoted  a  large  portion  of  their  attentioi 
during  the  previous  survey  to  the  eastern  jmrt  of  the  Stiite,  so  White 
devoted  himself  mainly  to  an  investigjition  of  the  phenomena  of  the 
westt»rn  part.  He  found  reason,  as  noted  in  his  introductory  letter  to 
the  gov(M'nor.  to  discourage  all  exploiiitions  for  mineral  oils  or  precious 
nu^tals  in  the  State,  and  also  pointed  out  the  hazard  of  explorini^  for 
coal  bevond  tlie  northern  and  e^ustern  boundaries  of  the  coal  tieldas 
designated  in  his  geological  map.  He  also  showed  that,  though  iron 
ore  of  a  good  ciuality  had  frequently  been  found  in  the  Stjite,  the 
d(»})<)sits  were  ;il\viiy>  limited.     In  all  of  these  points  he  was  correct. 

C(>ii>i(h'rai)l('  attention  \va>  given  to  the  peat  deposits  and  an  est! 
mate  unuh'  of  tln'  amount  of  material  within  the  Statt*  liniit>  wliici 
could  1m'  uliiiz(Ml  for  fuel  j)urpos('s  sliould  occasion  demand. 

Among  llic  [)ln'iionu'na  of  leaser  importance  he  called  attention  l' 
the  inoviniT  of  the  bowlders  on  th(*  shores  of  lakes  and  ])ilinir  tliei: 
into  wall-like  niassc-.  through  the  expansive  action  of  the  freeziii; 
water.  The  >o-e}ille(l  IMull  dej)()sit  hi*  considered  to  be  of  more  n^ceii 
origin  than  the  diift.  and  referred  it  to  the  earli(»st  part  of  the  so-calle 
Terrace  ej)och,  the  material  composing  it  having  originated  by  fluviji 
tile  ero>ion  innnedialely  upon  the  close  of  the  (ilacial  (»poch,  iM'in 
afterwards  (lepo>iled  as  a  lacu-^tral  sediment  in  tlie  broad  depression  i 
the  surface  of  the  drift  left  hv  the*  retreatin*^:  iiflaciers.  He  ditterc 
entirelv  with  W  hilnev  as  to  the  cause  of  the  absence  of  trees  in  th 
praiiie  rcLiion,  and  felt  no  he"-itation  in  declaring  that  the  real  i-au** 
of  the  existence  of  the  j)rairies  in  Iowa  was  the  recurrence  of  th 
animal  lire>. 

lie  di\  ided  tin'  formations  of  the  State  into  Azoic,  LowH^r  Siluriai 
I'pper  Silurian  and  DcNonian,  (  arbonifiM'ous,  and  Cretaceous  system: 
and  regai'ded  the*  Sioux  Falls  (juartzite,  with  its  associated  })i[>cston« 
as  belon^intr  to  the  Azoic.  Tlu^  Potsdam  sandstone,  which  be  four 
reachint''  ;i  thi<kn(\^.s  in  the  Stati»  of  ai)out  *'>0t)  feet,  he  tboutrbt  to  I 
j)i'obab|\-  oN'erlying  this  Sioux  v^vvvvvV/Ate..  lUis  view  is  generally  he 
to-du  V. 
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White  regarded  it  a8  evident  that  there  was  no  hope  of  profitable 
mining  within  the  limits  of  the  State  in  the  Ijower  Magncsian 
Rjimedtone,  in  this  agreeing  with  Whitney  (p.  4:i5S).  For  the  so-called 
X£iid^on  River  shales  of  Hall  he  substituted  the  name  of  Maquoketa 
^b&les.  All  the  Devonian  rocks  of  the  State  he  referred  to  the  Hani- 
iilton  {^riod. 

He  found  a  strict  conformability  in  all  the  rocks  from  the  Potsdam 
dstones  to  the  Keokuk  limestone,  inclusive,  but  between  this  last 
d  the  rocks  of  the  Coal  Measures  an  unconformability  and  also  one 
ween  the  St.  Louis  limestone  and  the  older  formations  of  the  sub- 
ceous  group.     Instead  of  there  being  only  one  formation  of  Car- 
^boniferous  limestone,  as  had  been  generally  supposed,  White  claimed 
have  found  two,  each  possessing  similar  lithological  but  different 
ileontological  characteristics,  the  one  overlying  and  the  other  under- 
ng  the  coal-producing  strata. 

The  various  folds  found  in  the  strata  of  the  Iowa  rocks  ho  regarded 
^all  having  taken  place  subsequent  to  the  deposition  of  the  latest 
>r  Virata  of  Carboniferous  age  and  before  any  of  those  of  Cretaceous  age 
^  Here  deposited. 

";  The  gypsum  deposits  were  thought  to  be  presumably  of  Mesozoic 
T^~  age  and  as  having  originated  through  chemical  precipitation  in  com- 
paratively still  waters  which  were  saturated  with  sulphate  of  lime  and 
destitute  of  life.  The  fact  that  these  deposits  contained  no  fossils 
2_.  rendered  the  exact  determination  of  their  geological  age  a  matter  of 
^-  some  difficulty.  It  is  therefore  well  to  note  that  Keyes  in  his  rejwrt 
r:-  in  1895  refers  them  to  the  upper  part  of  the  Mesozoic  —the  Cretaceous." 
>  White,  it  should  be  noted,  had  in  1800*  described  in  considera])lc 
Sr  detail  the  rocks  and  their  included  fossils  in  the  vicinity  of  Hurling- 
^  ton,  Iowa.  He  identified  here  eight  beds,  the  lower  six  of  which  he 
'I"  regarded  as  the  equivalent  of,  though  not  necessarily  contempora- 
neous with,  the  Chemung  of  New  York.  The  two  upper  beds,  whi<h 
were  of  limestone,  he  regarded  as  Carboniferous,  though  he  remarked 
that  the  line  drawn  between  the  two  formations  was  largely  imagi- 
nary, indicating  merely  the  limit  where  the  Devonian  species  ceased  to 
predominate  and  upward  from  which  the  Carboniferous  species 
flourished  in  full  force. 

It  was  suggested  that  the  Devonian  species  might  have  originated 
at  the  east  and  migrated  westward  during  the  time  that  the  bottom  of 
the  Chemung  sea  was  gradually  sinking  and  receiving  the  deposits 
forming  the  Old  Red  sandstone,  thus  making  the  Devonian  rocks 
equivalent  to  the  New  York  Chemung  and  contemporaneous,  in  part 
at  least,  with  the  Old  Red  Sandstone  of  the  Catskill  Mountains.^ 

« Report  of  the  State  Geological  Survey  of  Iowa,  VII,  1895. 
6  Boston  Jonmal  of  Natural  History,  VIII,  1859-I8«3,  pp.  205-'i'i,S. 
« All  of  the  six  beds  then  supposed  to  h »  Devonian  are  novf  eowwrvovA^  T^e^^^^  ^^ 
heloiMgiDg  to  the  baeal  Carbonifennis  (  Kiii<lerhook). 


534 


REPORT   OF   XATIONAI.    Ml'SEItJt,   1904. 


I^ter  (ill  lHf>8)  Nil«s  iirid  H'ttcKsmiitli  studied  the  upper  Iteds,  which 
Iwd  Ihh'oiik!  known  uk  tlio  Hurlin{rton  limest^itie,  and  were  led  bv  tlic 
criiiuidiil  rctutiins  to  regui-d  Uie  two  divi^ionN  as  two  independent  for- 
mations, whicli  they  dcsignnted  nn  the  Lower  and  Upper  Burlinf^ton, 
n  Hiibdivi»ion  which  .still  holds. 

Safford'M  finfti  report  on  the  geol(^y  of  Tennessee  did   not  appear 
until  1869,  having  been  delayed  by  the  incidentti  of  the  civil  war.    U 
was  accompanied  by  a  col- 
ored geological  map  of  the 
State,  and  a  geological  sec- 
tion,  II  n- 

Saflord-i  Plul  Report  ,  ' 

on  the  OcolDsy  si  colored, 

TeniHHe.  I8W. 

extending 
from  the  Unaka  chain  on  the 
east  of  the  Mi.ssi»sippi.  and 
giving,  on  the  whole,  a  very 
comprehensive  and  easily  un- 
derstood idea  of  the  physical 
geography  and  geology  of 
the  State,  as  well  asi  its  eco- 
nomic resources.  He  here 
called  attention  to  the  fre- 
quent recurrence  of  tlie  same 
t'orniation,  or  series  of  for- 
mations, met  with  in  cross- 
ing Kast  Tennessee,  and 
accounted  for  the  pheiioiri- 
eim  on  the  theory  thiit  llie 
l«'d  hud  been  thrown  into  a 
series  of  panillel  and  closely 
(Oinpressed  and  overturned 
folds,  the  crest,s  of  which  had 

■^''' 'f^^iiii''-  '<"-i'  Kini'ty,  nTui     in.(.,|  subsequently  denuded 

""'"■'"-'  ■'"'"'■  (sw  |).  488). 

•II  his  iiiiip  n  section  of  the  ()<-ope  c^mglonierate  was  put 
igiiiji'  ;it  llic  top  of  Iho  Azoic  scries,  in  his  cliapter  on  the 
ip  it  was  stilted  Ihiit  the  Ocoee  conglomerate  and  slate.', 
lulstoiics.  tiiid  Knox  group  of  slmles,  dolomites,  and  linie- 
stuni's  might  he  rcgaidrd  ;is  u  fornwlion  wliich  corresponds  to  Diiiia'^^ 
I'otsdiiiii  period,  ami  tliut  it  was  in)t  cji.sy  to  ,sc|)anit<',  lithologically, 
tiic  Ocicc  snitgroiip  I'roiii  llic  CliiUmwec.  as  they  often  run  into  eaeh 

Till'  main  bulk  of  the  rciKirt  was  given  up  to  a  di.scussion  of  the 
(lisli-il.utiim,  litlicilo;.'iciil  nature,  and  elianicteristic  fossils  of  the  vari- 
ons  /'onicifioiis.     lie  was  (Vis\nwi.V  Vn  vc^-wA \\w  IVvuVs  Creek  group 


Although 


Potsdii 
Chilli.; 
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he  Tertiary  as  distinct  from  the  Orange  sand,  this  latter  name 
ng  been  originally  provisionally  applied  by  him  to  a  series  of 
ta  which  he  regarded  as,  for  the  most  part,  exjuivalent  to  Hilgard's 
ihern  lignitic.  The  general  grouping  of  the  formations,  from  the 
baceous  upward,  was  essentially  the  same  as  had  been  given  by 
in  a  previous  paper  in  the  American  Journal  of  Science  (1864), 
which  is  as  follows,  beginning  at  the  bottom: 

offee  sand Cretaceous. 

reen  sand  or  the  shell  bed Cretaceous. 

ipley  group  (provisional) Cretaceous. 

orter's  Creek  group  (provisional) Tertiary  (?) 

range  sand  or  Lagrange  group .♦ Tertiary. 

luff  lignite  (provisional) Tertiary  (?) 

luff  gravel Post-Tertiary. 

luff  loam Post-Tertiary. 

ottom  alluvium Modem. 

ifteen  new  species  of  invertebrate  fossils  were  described.     The 
k  does  not  seem  to  have  attracted  much  attention  at  the  time,  and 

given  but  a  half-page  review  in  the  American  Journal  of  Science 
that  year.  In  this,  attention  was  merely  called  to  the  fact  that  Saf- 
1  differed  with  Hilgard  on  the  question  of  the  age  of  the  Orange 
i. 

ri  1869  E.  W.  Hilgard,  acting  under  the  auspices  of  the  New  Orleans 
tdemy  of  Sciences,  made  a  reconnaissance  of  Louisiana,  a  summary 
he  results  of  which  was  published  in  the  American  Journal  of  Sci- 
ence for  1869.  The  expense  of  the  trip  was  paid  partly 
iiMui.^869.*"     by  subscription  and  partly  ])y  an  appropriation  by  the 

State  Board  of  Inmiigration,  and  the  time  limited  to 
ty  da^^s.  The  journey  (some  625  miles)  was  made  mainly  on  horse- 
k,  passing  Petite  Anse  and  New  Iberia  on  the  Teche  by  wa}'^  of 
?lousas  to  Bayou  Chicot;  thence  to  the  Calcasieu  River,  down  that 
am  to  Lake  Charles  and  the  sulphur  and  petroleum  wells,  on  the 
st  Fork  of  the  Calcasieu  River;  thence  north  to  Sabine  Town,  Texas; 
ice  by  way  of  Many  to  Mansfield,  Louisiana;  thence,  crossing  Red 
er  at  Coushatta  Chute  landing  to  the  salines  on  Saline  Bayou,  and 
ice,  by  way  of  Winntield  and  Harrisonburg  on  the  Ouachita  River, 
»Te  the  expedition  terminated.  Among  the  more  striking  results 
ounred  was  the  fact  that  the  (nilf  coast  has  in  late  Quaternary 
3s  suffered  a  depression  to  the  extent  of  at  least  900  feet,  and  dur- 
the  Terrace  epoch  a  contrary  motion  to  the  extent  of  about  half 
i  amount.  The  occurrence  of  sulphur  and  gypsum  beds  was  also 
?d.  The  various  formations  were  described  as:  The  Port  Hudson 
up,  the  Orange  sand  formation,  the  Grand  (irulf  formation,  the 
ksburg  group,  and  the  Mansfield  group. 
1  1S69  the  geological  survey  of  Michigan,  which  had  been  broutj;ht 

close  in  1861  bj  the  outbreak  of  the  e\v\\  wav,  vsvv,^  \^^ws^\\xk.\fe^ 
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through  an  act  of  the  legislature^  establishing  a  bcwrd  of  survey,  con- 
sisting of  the  governor  of  the  State,  the  president  of  the  boArd  of 
education,  and  the  superintendent  of  public  instruction,  with  power 

to  select  geologists,  disburse  the  money  approptimted, 
oi^St^^mn!*iS69.    ^^^  pcrfoHu  othcr  necessary  acts.     Under  this  law 

Prof.  Alexander  Winchell  was  again  made  director,  and 
undertook  himself  the  investigation  of  the  Lower  Peninsula,  with  the 
assistiince  of  his  brother  N.  II.  Winchell,  M.  W.  Harrington,  E.  A. 
Strong,  A.  M.  Wadsworth,  C.  H.  Headley,  A.  O.  Currier,  and  J.  H. 
Emerson.  Later  (1873-1876),  after  Winchell's  retirement,  C.  ROmin- 
ger  was  appointed  by  the  board  to  work  on  the  Lower  Peninsula  also. 

To  Maj.  T.  B.  Brooks,  as  a  State  geologist,  was  assigned  the  survey 
of  the  iron  regions;  to  Raphael  Pumpelly  that  of  the  copper  regions 
of  the  Upper  Peninsula,  and  to  Carl  Rominger  a  study  of  the  Paleozoic 
rocks  and  their  associated  fossils.  Brooks's  report,  submitted  in  1873 
and  forming  part  one  of  the  first  volume  of  the  reports  of  this  survey, 
was  written  with  the  idea  of  making  it  ''  as  complete  a  manual  as  pos- 
sible of  information  relating  to  the  finding,  extracting,  transporting, 
and  smelting  of  the  iron  ores  of  the  Lake  Superior  region.-'  With 
this  in  view,  he  presented  in  the  order  here  given,  first,  an  historical 
sketch  of  the  discovery  and  development  of  the  iron  mines;  second, 
the  geology  of  the  Upper  Peninsula,  including  the  lithology;  third, 
the  geology  of  the  Marcjuette  iron  region;  fourth,  the  geology  of  the 
MonoiniiKM'  iron  n^gion;  fifth,  the  Lake  Gogebic  and  Montreal  River 
iron  ri(lg(»;  sixth,  a  chapter  on  exploration  and  prospecting  for  ore: 
and  seventh,  the  nmgnetisni  of  rocks  and  use  of  the  magnetic  needle  in 
exi)Ioring,  concluding  with  chapters  on  the  method  and  cost  of  mining 
spe<*ular  and  magnetic  on\s  and  the  chemical  composition  of  the  ores. 

Th(»  lithological  work  on  the  rocks  of  the  region  was  performed  by 
A.  A.  Julian,  of  New  York,  his  report  forming  the  second  volume 
(2tKS  i)agcs)  of  the  survey. 

Brooks's  work  contained  scarcely  anything  of  a  speculative  nature 

and  but  little  as  to  the  origin  of  the  ores  themselves. 

Brooks's  Work.         With    rcfcrcncc  to  the  a.ssociation   of    magnetic  and 

sj)(»cular  ores,  he  wrote: 

Jf  \\«*  suppose  all  our  ores  to  have  In-eu  once  magnetic,  and  that  the  red  si)e<'iilar 
was  first  derived  fn>ni  the  magnetite  and  the  hy<lnited  oxide  (soft  hematites)  in  tuni 
fn»Mi  it,  we  1ki\c  an  hypothesis  which  l)est  explains  many  facts  and  will  Ije  of  use  to 
the  exjilorer. 

A»rain.  with  reference  to  the  ore  of  the  Negaunee  district: 

li  we  suppose  tepid  alkaline  wat<'rs  to  have  permeated  this  formation  and  to  have 
dissnlved  ..nt  the  trreater  portion  of  the  siliceous  matter,  leaving  the  iron  oxide  in 
an  hydrated  eaiiliy  condition,  we  would  have  the  essential  character  exhibited  l)y 
this  formation  as  devel«>ped  on  the  New  England,  Saginaw  range,  and,  as  will  be 
seen  uftcrwurd,  at  the  Lake  .^u\>erior  nune.  This  is  offereii  not  so  much  as  an 
hypotlwHifi  to  account  lor  the  d\UeTe\\ee  w^  \.o \\\\\sVti\\«?Wv^  Wcta  observed. 
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Thia  view,  ao  modmOy  pnt,  contains  in  it,  however,  the  geitn  of 
the  roncliuiionR  arrived  at  by  Van  Hiso  some  twenty-five  yeaiM  later." 

He  noted  the  monoclinal  character  of  the  depo«it  at  the  Wayhiugton 
mine  property  in  the  Marquette  repon,  and  described  the  ore  of  the 
I^ke  Superior  specular  and  hematite  workings  and  the  Barnum  mine 
iw  occupying  the  position  of  "the  frustum  of  ti  hollow  eonc  lying 
with  its  axis  horizontal  and  its  small  end  toward  the  eawt,"  which  hiid 
lieen  cut  in  two  by  it  horizontal  plane  representing  the  surface  of  the 
ground. 

Other  points,  which  it  is  well  to  note,  since  Rorainger  in  his  later 
report  had  occasion  to  disagree  with  him,  are  his  regarding  the  ores 
of  the  Cascade  Range  as  the  equivalent  of  the  Michigan  and  magnetic 
ores  of  the  Mishigami  district  and  as  older  than  any  of  the  iron  beds 
in  the  Republic  Mountain  series;  and,  sec- 
ond, the  Felch  Mountain  ore  deposit  as  Ire- 
longing  to  the  tower  quartzite,  the  ore  itself 
resting  immediately  u{K>n  and  iK'ing  hounded 
on  the  south  by  hornbleridic,  micaceous,  and 
gneissic  rocks  which  are  undoubtedly  Lau- 
rentian.  Subsequent  studies  by  Wadsworth. 
Van  Hise.  and  others  have  shown  him  to  lie 
substantially  correct  in  both  of  these  con- 

Ilt  health  prevented  Brooks  from  carry- 
ing out  his  work  in  as  thorough  a  manner 
as  he  wished,  and  his  letter  of  transmittal 
was  written  from  London,  he  having  gone     fig  bo.— Tininm- 
abroad  to  recuperate. 

Brooks,  as  may  readily  be  inferred,  was  an  eminently  practical  man. 
Indeed,  his  entire  training  was  of  a  practical  natui'e.  consLstingof  two 
years  at  the  School  of  Engineering  of  Union  College  and  a  single 
course  of  lectures  on  geology  under  Ijcsley  at  the  I'ni- 
skMcb of  Braoki.  versity  of  Pennsylvania.  His  early  work  was  in  con- 
nection with  land  surveys,  but  after  his  retirement 
fi-om  the  Army  in  the  fall  of  1864  he  served  a  yf-nr  on  the  geological 
survey  of  New  Jersey  under  Cook,  and  then  in  IKfin  lipcame  vice- 
president  and  general  manager  of  the  iron  Cliff  mine,  near  Negaunee. 
in  the  Marquette  district  of  Michigan.  Here  he  Iwgan  that  geological 
work  upon  which  is  mainly  biLsed  his  reputation.  The  ditficultii-s 
which  he  encountered  were  such  as  can  be  scarcely  comprehended  bv 
those  who  have  not  visited  the  region.  The  countrj'  was,  much  of  it, 
heavily  forested  and  swampy  as  well.  Outcrops  were  few  and  pei-haps 
wholly  obscured  by  the  drift  or  by  undergrowth.    There  wore  no  map-*, 

"Monograpli  -No.  X.\:VIII,  U.  S.  Geol<«i«-Hl8virv*iV.  WW. 


538  KpPORT    OF    NATIONAL   MnSETJM,   1904. 

or,  at  l)est,  the  very  poor  ones  fiirni-shed  by  the  L#and  Office,  no  rail 
roads,  and  tmnsportation  wa.s  limited  to  canoes  and  pack  animals. 
There  were  fe>y  ])rospect  holes  and  fewer  developed  mines.  To  these 
difficulties  were  added  the  complications  due  to  repeated  folding  and 
squeezing  which  the  beds  had  undergone.  Yet  Brooks,  by  his  per- 
sistency and  originality  in  methods,  succeeded  in  producing  a  work 
of  value  as  a  scientific  production  as  well  as  of  the  greatest  use  to  the 
prospector — a  rare  combination,  indeed — and  a  work  which  has  been 
superseded  only  by  one  that  it  took  twenty  years  of  study  b}-  an  able 
corps  of  geologists  and  a  hundredfold  better  facilities  to  produce. 

Brooks  devised  the  dial  compass  and  adapted  the  dip  needle  to  the 
purposes  of  the  prospector.  Persistent  and  determined  to  succeed  iu 
spite  of  the  poverty  of  appropriations,  he  expended  over  $2,000  of  his 
own  means  and,  worst  of  all,  sapped  his  own  vitality  in  the  work  to  the 
extent  that  he  became  a  confirmed  invalid  ]>efore  reaching  middle  age. 

As  already  intimated,  his  health  gave  out  in  1873  and  he  sought 
relief  abroad,  residing  in  London  and  Dresden,  where  his  reports  were 
completed.  After  his  return  to  this  coimtry  in  1876,  he  resided  at 
Monroe  and  Nevyburgh,  New  York,  and  after  1883,  during  the  winters, 
at  Bainbridge,  Georgia,  living  the  life  of  a  country  gentleman  and 
farmer. 

Pumpellv's  work  in  the  copper  district  is  of  interest  on  account  of 

II  •  w   k       bis  theories  regarding  the  origin  of  the  copper  and  the 

In  Michigan,  }inr(»  and  Htboloofical  nature  of  the  copper-bearing  rocks. 

1860-1873.  *^  ,      ^  ^  . 

Tlie  conclusions  at  which  he  arrived  were  as  follows: 

First,  tht' <'nj)ritVn)Us  series  was  foriiiLMl  l)efore  the  tilting  of  the  Huronian  IkmIs 
npon  \N  hi<'h  it  rests  (•<>nf()rinal)ly,  aii«l  j'onseciuently  before  the  elevation  of  the  ^reat 
Azoif  area,  whose  existence  during  the  l*ot^dani  period  pre<letennined  the  Sihirian 
liasins  of  Michi^ran  an<l  Lake  Superior.  Second,  after  the  elevation  of  thes<*  nx^ks 
and  after  they  had  assumed  tlieir  essential  litholojrical  eharacteristies,  canie  the  dejK>- 
sition  of  the  saixlstone  and  its  aceoinpanyin^  shales,  as  products  of  the  erosion  of 
these  older  rocks,  and  containin<r  fossils  which  show  them  to  belong  to  the  I^)wer 
Sihirian,  though  it  is  still  uncertain  whether  they  shouM  V)e  referretl  tothe  Pots<iaui, 
Calciferous,  or  ('hazy. 

A  chjn)ter  wus  oiven  on  the  paragenesis  of  copper  and  its  associates. 
With  reference  to  these  subjects  he  wrote: 

It  is  still  an  open  <|uestion  whether  the  trap  which  formed  the  parent  rock  of  the 
nu'lai>hyr  was  an  eruptive  or  a  purely  nietaniorphic  rock.  If  it  was  eruptive,  it  was 
spread  over  the  hottoiu  of  the  sea  in  beds  of  great  regularity  and  with  intervals  which 
were  oj-eupied  by  the  deposition  of  the  beds  of  conglomerate  and  sandstones.  It 
should  seeui  probal>le  that  the  copper  in  the  nielaphyrs  was  deriveil  by  concentra- 
tion from  the  whole  thickness  of  tlu' sedimentary  meml^ers  of  the  group,  including: 
the  thousands  of  feet  of  .smdstones,  c<>nglomerates,  and  shales  which  overlie  the 
nielaphyrs,  and  incliKlinjr  nielaphyrs  als(j. 

The  ti'jmsloeation   he  rc^o-arded  as  having"  been  initiated  by  the  sul- 
pimtv  of  (;op])er  resuUin^^  (vom  Uw  ox\dvvtion  of  the  sulphide,  but  as 
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this  salt  must  have  been  soon  decomposed  by  the  abundant  acid  car- 
>>onate  of  lime,  he  could  not  suppose  it  to  have  been  effectual  in  the 
final  concentration  of  the  larg^e  deposits,  and  he  thought  it  inore  prob- 
able that  this  last  was  accomplished  by  the  more  permanent  solution 
of  carbonate  and  silicate  of  copper. 

Pumpelly  was  assisted  by  A.  R.  Marvine,  L.  P.  Emerson,  and  S.  B. 
Ladd. 

Rominger's  report  on  the  Paleozoic  rocks  of  the  Upper  Peninsula 
formed  part  3  of  the  third  volume  of  the  Survey  reports  (1873).  His 
second  appeared  in  1876,  forming  one  of  the  four  large  octavo  volumes 

of  the  Survey,  comprising  altogether  some  386  pages, 
ta  ivuSii^.*i873-   with  55  plates  of  fossils,  and  a  colored  geological  map 

of  the  area  surveyed.  The  geological  portion  contains 
a  record  of  the  characteristic  rocks,  their  geographical  -distribution, 
and  the  fossils  they  contain.  It  is  to  be  noted  that  Rominger  showed 
a  disposition  to  disagree  in  many  of  his  conclusions  with  Winchell, 
Brooks,  and  others  who  had  preceded  him. 

The  presence  of  large  bowlders  in  the  midst  or  on  top  of  well-stratified 
drift  layers  he  conceived  to  be  due  to  the  transportation  of  the  material 
by  means  of  swimming  icebergs  during  periods  of  flood.  In  this  he 
agreed,  substantially,  with  Dawson,  of  the  Canadian  Survey.  The 
dolomites  of  the  Ida  quarries,  which  Winchell  identified  as  belonging 
with  the  Onondaga  salt  group  (Upper  Silurian),  he  considered  as  Upper 
Helderberg  (Middle  Devonian),  and  he  stated  that  the  mapping  by 
Winchell  of  Upper  Helderberg  rocks  throughout  a  great  portion  of 
Cass,  Van  Buren,  and  all  over  Berrien  County,  was  an  error.  He  also 
differed  with  Winchell  regarding  the  stratigraphic  position  of  the 
Hamilton  rocks  of  Big  Traverse  Bay.  Winchell's  Huron  shales  he 
considered  from  paleontological  evidence,  to  be  identical  with  the 
Cuyahoga  shales  of  the  Ohio  geologists,  and,  therefore,  belonging  to 
the  lower  part  of  the  Carboniferous  rather  than  the  Upper  Devonian. 
He  also  accused  Winchell  of  a  peculiar  stratigraphic  blunder  in  pre- 
paring a  section  west  of  Flat  Rock: 

Unfortunately  this  section  is  laid  across  a  synclinal  undulation  of  tlie  formation, 
and  begins  at  one  end  with  the  same  rock  beds  (Marshall  sandstone),  which  on  the 
other  end  are  found  very  near  the  base.  Under  the  impression  that  he  was  all  the 
while  descending,  he  stands  again  on  the  horizon  from  which  he  started. 

The  salt  brines  of  the  State,  according  to  Rominger,  are  derived 
from  rocks  of  the  Waverly  group,  and  not  from  those  of  a  higher 
horizon,  which  Winchell  had  designated  as  the  Michigan  salt  group. 

Rominger  also  made  reports  on  soils,  building  stones,  and  slate 
quarries,  and  on  the  Ontonagon  silver  mining  district.  What  is  per- 
haps the  most  valuable  part  of  the  report  is  that  relating  to  the  fossil 
corals-  which  was.  for  its  time,  unsurpassed. 
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Subso(iuontly  (ISSl)  Roniin^er,  still  acting  a.s  a  State  geologist 
(1S7S-188()),  issued  a  report  on  the  Upper  Peninsula,  which  dejilt 
almost  entirely  with  the  economic  problems  of  the  iron  region. 

He  regarded  the  region  about  Marquette  as — 

a  Hvnclinal  troujjh  of  granite  which,  by  the  upheaval  of  its  northern  and  wutheni 
marj^ins,  (uiuhimI  the  inclosure  of  the  ini*uml>ent  sedimentary  strata  l)etween  it*»  walls 
an<l  their  siinultaneous  uplift  and  corrugations  into  parallel  folds  hy  the  lat«»Ril 
pressure  from  its  rising  and  ai>proaching  e<lge8. 

Concerning  the  origin  of  the  iron  ores  of  the  Upper  Peninsula,  he 
wrote: 

These  ore  deposits  are  not  regular  sedimentary  layers  originally  formed  of  iron 
oxide  in  a  state  of  purity,  but  are  evidently  the  product  of  decomjiosition  of  the 
impurer  mixed  ferruginoufl  ledges  by  percolating  water,  leaching  out  the  siliceoos 
matter  and  ri'placing  it  by  the  depoatioa  ol  oxide  of  iron  held  in  aolation. 

This  view  is  not  greatly  different  from  tbe  oenclusion  reached  hy 

Brooks,  as  already  noted^and  subsequently 

by  Van  Hise. 

His  views  as  to  the  origin  of  serpentinoQ:* 

rocks  were  not  at  all  clear.     Writing  with 

particular  reference  to  those  of  Presqiie 

Isle,  he  remarked  that  they  occur — 

generally  in  bulky,  nonptratified  niati^en  which,  if 
they  ever  originated  from  mechani<"al  8e<limentary 
<leiM)Hits,  are  l)y  chemical  acti(»n  so  completely  trans- 
foriiicd  as  to  effiU'e  all  tracer  of  their  fi^rmer  dctrilal 
structure.  They  re8em]>le  volcanic  eruptive  nM-kr- 
forced  to  the  surfac'c  in  a  Hoft,  plastic  condition,  uikI 
most  likely  heat  was  one  of  the  prime  agents  in  their 
formation,  or  else  tran8formati<^)n,  in  c<>ml)ination 
Ki...  si. —Carl  rit>iniiiji«r.  with  a^jueous  vapors. 

K()inin<rer,  in  his  tirst  leport.  that  on  the  Paleozoic  rooks  of  the 
copper  district,  took  the  ^roinid  that  the  Silurian  a^e  of  the  I^ke 
Supcriof  saiidstoTic  was  iiiKHjiii vocally  proved  by  its  stniti^niphical 
])()siti(>ii.  rhis  is  the  view  now  trenerally  held,  thoue^h  the  Potsdam 
])erio(l.  to  which  the  beds  arc  fcfcrrcd,  is  tiow  considered  as  the  up|)er 
])art  of  the  (  anibrian  instead  of  the  Lower  Silurian,  as  at  that  date. 

Romino-cr's  carccM*.  like  that  of  Lcvscjuereux  and  others  that  nii*rht 

be  mentioned,  oilers  ati  interesting  illustration  of  the 
Sketch  of  Rominjcer.  (lillicuitics   witli   whlch    the  eaHv  njituralists  had  to 

contend,  particularly  when  foreigners  and  but  little 
ac(iuaint(Ml  with  the  lan<i*iia<:re  of  their  adopted  country. 

Hoin  in  Wiirtombcro-.  Ik^  came  to  America  in  1848  on  account  of  revo- 
hitionaiy  disturbances,  and  without  previous  preparation.     Thoiij^h 
trained  as  a  ])liysician  and  geologist,  yet  his  poor  command  of  Eng- 
lish be   felt   cxcludc(l  him   from  associating  with  scientific  men,  and. 
hoiiio-  without  tinancial  vesouvees^  \\v^  ^sUv\A\s\i^d  himself  as  a  physi- 
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cian  in  Cincinnati,  a  city  containing  a  large  German  population. 
Here  he  remained  for  twenty-five  years,  improving  himself  in  the 
language  and  devoting  what  time  could  be  spared  from  his  ])rofes- 
sional  duties  to  the  study  of  paleontology  and  geology.  In  1870, 
through  the  influence  of  James  Hall  and  others,  he  was  appointed  one 
of  the  geologists  of  the  Michigan  survey  imder  Winchell,  ultimately 
himself  becoming  director,  in  which  position  he  remained  until  1883, 
when,  under  a  new  administration,  he  was  removed  to  make  room 
for  another. 

His  bibliography,  although  not  numerous,  is  important,  particularly 
that  relating  to  paleontological  matters.  It  had  been  his  intention  to 
continue  his  work  on  the  fossil  corals,  but  the  political  changes  above 
mentioned  prevented.  The  edition  of  his  work  issued  by  the  State 
being  insufficient  to  supply  the  demand,  Rominger  had  printed  250 
copies  at  a  personal  expense  of  $4.75  each,  hoping  to  be  able  to  sell 
them  at  least  for  the  same  figure.  But  this  proved  impossible,  and  he 
suflfered  a  direct  loss  thereby  of  not  less  than  $800. 

A  second  geological  survey  of  Ohio  was  inaugurated  in  1869,  and 
J.  S.  Newberry  appointed  chief  geologist.  This  survey  was  continued 
in  operation  until  1878,  when  it  was  discontinued,  owing  to  a  disagree- 
ment between  Dr.  Newberry  and  the  legislature  (see 

Slohk^8^S78.    P-  ^^1)^  by  withholding  the  appropriations. 

During  the  period  of  its  existence  two  annual  reports 
and  four  volumes  of  a  final  report  were  published,  the  latest  bearing 
on  the  title-page  the  date  of  188^.  Of  these  the  first  volume  was 
given  up  to  geology,^  the  second  and  third  to  paleontology,  and  the 
fourth  to  zoology  and  botany.  The  first  volume  was,  however,  issued 
in  two  parts,  of  which  Part  I  only  was  strictly  geological,  and  Part  II 
paleontological.  A  third  paleontological  volume  to  be  devoted  to  the 
Carboniferous  flora  was  projected  but  never  appeared,  owing  to  failure 
of  the  legislature  to  make  the  necessary  appropriations. 

Newberry's  principal  assistants  in  1869  were  E.  B.  Andrews,  P^dward 
Orton  (who  afterwards  became  State  geologist),  and  John  H.  Kli])part. 
In  1870  the  force  was  increased  by  the  employment  of  T.  G.  Wormloy 
as  chemist,  and  G.  K.  Gilbert,  M.  C.  Read,  Henry  Newton,  and  W.  H. 
Potter  as  local  assistants.  As  one  of  the  results  of  their  investigations 
it  was  announced  that  the  so-called  Cliff  limestone  had  bc(*n  n*solv(?d 
into  seven  distinct  formations  belonging  to  the  two  great  geologicjil 
systems — the  Devonian  and  Upper  Silurian.  The  discover}'  of  Oriskany 
sandstone  in  the  northwest  quarter  of  the  State  was  announced  and 
the  Carboniferous  age  of  the  rocks  of  the  Waverly  group  thought  to 
have  been  established  on  paleontological  evidence.  This  has,  however, 
been  since  shown  to  be  erroneous. 


rt  An  edition  of  2,000  copies  of  this  report  wa«  priuUHl  iu  tU^i  i.>eTr[v«a\\^xvy^cyas^v\,  «c^ 
virere  also  the  Bnnual  reports  of  Rogere^a  Survey  of  PennsyXvaum. 
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Beginnin^r  with  the  later  Tertiary  times,  the  following  sequence  of 
events  was  established : 

(a)  In  the  Miocene  and  Pliocene  epochs  a  continent  several  hundred 
feet  lower  than  now,  the  ocean  reaching  to  Louisville  and  Iowa,  with 
a  subtropical  diniate  prevailing  ov^er  the  lake  region,  the  climate  of 
Greenland  and  Alaska  being  as  mild  as  that  of  southern  Ohio  is  now, 
while  herds  of  gigantic  mammals  ranged  over  the  plains. 

(/>)  A  preglacial  epoch  of  gradual  continental  elevation  which  cul- 
minated in  the  glacial  epoch,  when  the  climate  of  Ohio  was  similar  to 
that  of  Greenland  at  present,  and  glaciers  covered  a  large  part  of  the 
surface  down  to  the  parallel  of  fortj"  degrees. 

(c)  This  period  w^as  followed  by  another  interval  of  continental  soH- 
sidenco  characterized  ])y  a  warmer  climate  and  melting  of  the  glaciers 
and  by  inland  fresh-water  seas  tilling  the  lake  basin,  and  in  which 
were  de])osited  the  Erie  and  Champlain  clays,  sands,  and  bowlders. 

{</)  Another  epoch  of  elevation  which  is  still  in  progress. 

Much  attention  was  given  to  economic  geology  and  the  study  of  the 
coal  beds.  From  analyses  it  was  shown  that  the  change  from  woody 
tissues  to  peat  or  lignite,  and  thence  to  bituminous  and  anthracite  coal 
and  plumbago  consisted  in  the  evolution  of  a  portion  of  the  carlwn, 
hydrogen,  and  ox^^gen,  leuving  a  constantly  increasing  percentage  of 
carbon  behind.  This  evolution  Newberry  conceived  to  be  due  to  the 
disturbanccNs  which  resulted  in  the  uplifting  of  the  mountain  chains 
and  niotaniorpliosed  the  included  rocks. 

The  coal  beds  of  Ohio,  it  should  be  noted,  wei'e  (*onsidere<l  as 
always  Imvintr  l)een  separated  from  those  of  Illinois  by  the  (^inciii- 
nati  anticline.  This  Cinciiuiati  uplift  or  arch  was,  in  the  report  for 
1SH9,  re^-arded  as  having*  formed  a  land  surface  over  a  considenible 
])ortioii  of  its  loiitjfth  at  least  during  the  earlier  and  ])r()])ably  throujrh- 
out  all  th(^  Devonian  ages.  Later,  in  discussing  the  work  of  Orton 
in  Adams  Countv.  Newherrv  wrote: 

Ilcri'  wf  have  an  indiilntablt'  record  of  the  elevation  of  the  ('incinnali  areh  ]>etw»?en 
the  r})j>er  an<l  Lower  Silurian  a.i;es,  and  proof  that  it  in  far  older  than  the  Apjwla- 
ehian  system,  with  which  it  has  Imhmi  connnonly  a.s8(HMate<l. 

The  carhonaceoiis  matter  of  the  Huron  shales  was  suggested  a.s 
])r{>l)al>ly  due  to  an  abundance  of  seaweeds  which  Hourished  in  a  kind 
of  S{ira<^()ssa  sea  which  occupied  that  region  during  the  period  of 
({(^position. 

Th(^  ])(^troltunn  and  gas  tilling  the  cavities  and  interstices  in  the 
sandstones  and  conulonKM'ates  in  the  Oil  Creek  region  were  regarded 
as  not  indiiifenoiis  to  those  rocks,  but  rather  as  oi'iirinatinoT  in  the 
lowcr-hintr  Iluronian  shales,  from  whence  thev  had  been  fornni 
i4)\\ar(l  by  hydrostatic  pressure. 

The  (lolomitic  character  of  the  rocks  of  the  Clinton,  Niagara,  ami 
Wntvi'linw  series  was  asev\Wd  lo '*v\\\\5A  Y>8itl\<iY  than  a  chemical  or 
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physical  cause,"  and  the  occurrence  ot  a  lai^e  pcrcenta^  of  nui^iicsia 
n  the  hard  partHof  8otne  groups  of  marine  in  vertebrates,  asihe  Milli- 
pores,  cit«d  as  a  possible  explanation  of  the  orifrin  of  the  ru<-k,  in  this 
following  a  suggestion  made  by  Dana  in  the  report  of  tlic  Wilkes 
Exploring  Expedition. 

The  sheet  of  clay  and  bowlders  wliich  was  found  directly  overlying 
the  polifihed  surface  of  the  rocks  over  so  large  a  part  of  tlie  State,  and 
which  is  now  known  as  till  and  bowldi-r  clay,  was  described  undnr  the 
nanse  of  glacial  drift,  while  the  loose  Iwwlders  which  are  indiiserimi- 
nately  scattered  over  the  Htate,  frequently  resting  on  the  tine  sfniti- 
fied  clays,  were  known  under  the  name  of  "iceberg  drift," 

Newberry  conceived  that,  during  the  latter  part  of  the  glacial  period, 
a  great  inland  sea  of  fresh  water  filled  the  basins  t)ef  ore  occupied  l)y  ice, 
the  northern  shore  of  which  was  formed  by  the  ice  wall  at  the  fool,  of 
the  glacier.  The  mud  which  was  brought  into  this  lake  through  the 
grinding  action  of  the  glacier  and  there  de- 
posited formed  the  so-called  Erie  clays. 

For  the  rocks  of  the  so-called  bhie  lime- 
gUniii  series  of  the  early  geological  surveys 
ho  adopted  the  name  Cincinnati  group,  as 
first  applied  by  Meek  and  Worthen.  The 
gypsum  of  the  Salina  group  was  regarded  as 
precipitated  in  continuous  sheets  and  not  to 
have  resulted  from  a  change  in  the  ordinaiy 
limeatoues  by  sulphuric  acid,  as  had  been 
claimed  for  the  gypsum  beds  of  Xew  York. 
This  is  the  view  now  commonly  accepted. 

It  appears  that  Colonel  Whittlesey  was 
an  aspirant  for  the  position  of  State  geolo- 
gist at  the  time  of  Newberry's  appointment, 

and  to  judge  from  the  tone  of  an  article  by  Kewberry  published  in  tlie 
Cincinnati  Commercial,"  adopted  rather  unfair  means  to  throw  difcredit 
upon  the  latter's  work.  In  his  reply  Newberry  was 
very  bitter,  stating  that  what^-vei-  may  have  l>een  his 
own  qualifications  for  the  work,  Whittlesey  was  tcni  ohl 
and  in  too  poor  health  to  do  good  work,  and  also  tlmt  he  was  not  a  good 
geologist;  that,  further,  he  held  to  certain  geologiad  heresies  wliicli 
would  impair  his  work;  that  he  believed  in  the  mineral  origin  of  eoal, 
and  that  the  brown  hematite  ores  of  the  Alleghenics  were  interst ratified 
with  the  limestones  insteadof  being  mere  pfx'ket.s.  He  further  elaimeri 
that  Whittlesey  was  no  paleontologist,  and  without  paleontology  no 
man  could  be  a  good  geologist.  As  an  illustnition  of  his  deliciency 
in  this  respect,  Newberry  referred  to  his  (Whittlesey's)  paiwr  on  the 

".Manli  -M,  18711. 


Tbe  Newbcrry- 
WMItkHy 
Contra  vcny.  1870. 
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Equivalency  of  the  Rocks  of  Northeastern  Ohio,  in  which  he  identified 
certain  rocks  as  equivalent  with  the  Chemung,  Portage,  and  Hamiltoi 
groups,  of  New  York,  on  paleontological  grounds,  whereas  in  hd 
every  one  of  the  twelve  species  of  fossils  on  which  this  identification 
was  }>ased  was  wrongly  named,  the  fossils  actually  being  wholly  of 
Carboniferous  age. 

Dr.  E.  Andrews,  who  was  one  of  Newberry's  assistants  on  the  Ohio 
geological  survey,  in  the  American  eTournal  of  Science  for  1869,  wrote 
on  the  western  bowlder  drift,  and  took  the  ground  that  the  fresh-water 

submergence  which  deposited  the  loess  was  not  a  con- 

Andrews's  views  on  *^  "^  •       xi     ^ 

the  Glacial  Drift.        tinuatiou  of  the  drift  action,  but  was  m  that  resrion 

se])anited  from  it  by  a  tranquil  period  during  which 
the  rivers  were  down  within  their  banks.  As  a  whole,  the  western 
drift  was,  he  thought — 

beyond  all  que^<tion  a  8tratilie<l  water  deposit.  A  study  of  the  cliffs  eroded  by  the 
lakes,  showing  Ixjtli  incKiified  and  unniodifie<l  drift,  has  obliged  those  western  geolo- 
gists niont  familiar  with  the  sectionn  to  abandon  the  glacial  theory  and  admit  that 
the  bowlder  drift  of  this  region  is  altogether  an  aqueous  deposit,  though  the  waten 
tloate<l  vant  quantities  of  ice. 

He  described  the  occurrence  of  bowlders  of  loose  gravel,  sometimes 
3  feet  in  diameter,  in  the  clay  passed  through  in  digging  the  tunnel 
under  the  lake  for  the  Chicago  waterworkn  extension.  Such  he 
rejiftirdod  as  masses  of  frozen  gnivel  dropped  from  floating  ice.  With 
r(4*en»nc^  to  t\w  jrrjivel  deposits  o!i  the  peninsula  ])etween  (rre^n  Bay 
and  Lake  Micliiofaii.  covering  an  area  of  4.0(X)  square  miles,  ho 
wiote: 

The  i^tratilied  charactrr  of  {\\v  ^rn\v\     *     *     *     is  on  the  whole  too  evident  to 
admit  nt"  any  ]>os«il)liMl(Uil)t.     *     *     *     It  would  seem  to  be  an  unavoidable  infer 
ence  tliat  our  drift  of  tliis  reiiion  not  only  came  from  the  north,  but  it  cjime  in  a 
vast  sweep  «»f  water  <leep  enouirli  to  cover  gravel  hills  more  than  StX)  feet  hi^h.  an<i 
with  velo;*ity  enoui^li  to  throw  such  coarse  material  into  lofty  steeps  and  sunmiits. 

Aojiin,  concornintr  tlie  abseiu'o  of  drift  on  the  north  slojx*  of  the 
Laurciitiaii  hills  and  the  srratchod  and  "'pounded''  aspect  of  the 
reoion,  lie  wi'ote: 

We  sre!n,  therefore,  to  have  testimony  that  the  drift  action  for  a  thonsand  milcj- 
ea>t  an<l  west  al<>n^'  the  Laurentian  crest  and  to  an  unknown  distance  north  of  it 
was  too  vioh'iit  to  admit  of  «lrift  deposits,  even  the  lx)wldera  l>eing  swept  off. 

The  liner  character  of  the  material  in  northern  and  centml  Illinois 
he  thouoht  to  be  due  to  the  less  violent  rush  of  the  waters.  These 
wate]>  he  inia<riii(Ml  to  ha\e  been  drawn  off  suddenly  after  the  deiK>- 
>ili()n  of  the  Orancrc  loam,  thus  accounting  for  the  absence  of  beach 
lines. 

Tln^se  views  are  not  (iiiite  those  of  Newberry  himself,  as  expres.^od 
in  a  paper  Ix^fore  the  New  York  Lyceum  in  1S70.  From  facts  observed 
in  tlic  basin  (^f  the  (iveiit  Lukes  and  the  ^'alley  of  the  Mississippi,  he 
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irgued  that,  synchronously  with  the  glacial  epoch  of  Europe,  the 
lorthern  half  of  North  America  had  a  climate  comparable  with  that  of 

Greenland,  and  that,  as  a  result,  glaciers  were  formed, 
MtSeDrift^i'^.  the  direction  of  flow  of  which  corresponded  in  a  gen- 
eral way  with  the  present  drainage  channels.  The 
Lower  Mississippi  he  looked  upon  as  a  "  half -drowned  river" — that  is, 
one  with  its  lower  channel  deeply  submerged  and  silted  up,  an  immis- 
takable  proof  that  at  that  period  the  country  stood  at  a  considerably 
greater  elevation  than  at  present. 

The  trough  of  the  Mississippi,  to  his  mind,  was  simply  a  valley  of 
erosion  which,  since  the  close  of  the  Carboniferous  period,  had  been 
traversed  by  a  river  which  drained  the  area  of  the  northern  Mississippi, 
the  Ohio,  and  the  Tennessee,  and,  since  the  Miocene  pericxl,  the  Mis- 
souri, Arkansas,  and  the  Red  rivers  as  well.  Through  alternate  eleva- 
tion and  depression  the  mouth  of  the  stream  had  varied  its  position 
from  time  to  time  to  the  amount  of  a  thousand  miles,  the  final  long- 
continued  depression  being  the  primary  cause  of  the  climatic  amelio- 
ration which  brought  the  glacial  period  to  an  end. 

The  tine  blue-gray  and  highly  plastic  so-called  Erie  clays  and  their 
accompanying  sands  and  bowlders  were  to  him  due  to  floating  icebergs 
during  a  period  of  continental  depression  and  great  inland  seas, 
deposited,  in  fact,  just  as  similar  materials  are  conceived  as  now  being 
scattered  over  the  sea  bottoms  about  Newfoundland. 

If  we  restore  in  imagination  thin  inland  pea,  which  we  have  prove<l  once  filled  the 
basin  of  the  lakee,  j^ra<lually  (Us]>lacin^  the  retrejiting  >rla<!iers,  we  are  inevitably  led 
to  a  time  in  the  history  of  this  region  when  the  southern  shore  of  this  si*a  was  formed 
by  the  highlands  of  Ohio,  et(!.,  the  ncirthem  shore  a  wall  of  ice  resting  on  the  hills 
of  crystalline  and  trappean  rocks  alnnit  F^ke  Suix'rior  and  Lake  Huron. 

From  this  ice  wall  masses  must  from  time  to  time  have  Injen  detache<i,  just  as  they 
are  now  detached  from  the  Humlx)ldt  glacier,  and  floated  off  southward  with  the 
current,  bearing  in  their  grasp  sand,  gravel,  and  lx)wlders — whatever  comi>os«'d  the 
beach  from  which  they  sailed.  Five  hundred  miles  south  they  groun<le<l  u|K)n  the 
southern  shore — the  highlands  of  now  western  New  York,  Peimsylvania,  and  Ohio, 
or  the  shallows  of  the  prairie  regitm  of  Indiana,  Illinois,* and  Iowa.  There  melting 
away  and  depositing  their  entire  loads,  as  I  have  sometimes  si.»en  them,  a  thousand 
or  more  bowlders  on  afewacn^s,  resting  on  the  Erie  clays  and  looking  in  the  distance 
like  flocks  of  sheep,  or  dropj>ing  here  and  there  a  sU>ne  and  floating  on  (jast  or  west 
till  wholly  dissipated. 

The  loess,  as  one  would  naturally  expect  from  th(»  foregoing,  was 
looked  upon  as  the  finer  sediment  deposited  in  the  (juiet  waters  of  one 
of  these  inland  seas,  to  which  the  icebergs  had  no  acc(\*<s.  The  lake 
l)asins,  with  the  exception  of  that  of  Lake  Superior,  which  is  a  syti- 
clinal  trough,  were  regarded  as  excavated  l)y  glacial  action  atid  once 
much  deeper  than  now,  having  l)ecome  partially  tilled  with  drift 
deposits  us  they  gradually  emerged.  Temporary  pauses  in  the  period 
of  uplift  would  give  time  for  wave  action,  and  thus  would  be  fornHul 
the  terraces  and  ancient  l)eaches  so  commonly  found \Ti\\v^\vLVA>  \v^'^\v^\\s. 
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Newberry  was  8ucceeded  as  State  geologist  by  Edward  Orton,  who 
had  previousl}^  acted  as  chief  assistant.  During  Oi'ton\s  administra- 
tion certain  "•  pardonable  errors  in  identification,'"  which  left  the  stratig- 

,  i*aphy  of  the  coal  series  of  Ohio  in  an  almost  hopeles^s    ^ 

■s  sute  Geologist,     tangle,  were  corrected.     He  showed  the  stratigraphical    , 

order  of  the  lower  Coal  Measures  of  Ohio  to  l>e  com- 
pletely in  harmony  with  that  of  Pennsjivania  and  that  the  entire  ^iories 
could  be  traced  from  the  eastern  margin  of  the  State  clear  across  the 
same  to  Kentucky.  This  is  regarded  by  White,  Orton's  biognipfjer, 
as  the  masterpiece  of  Doctor  Orton's  purely  geological  work,  althou^^i 
his  contributions  to  the  geology  of  petroleum  and  natural  gas  in  the 
sixth  volume,  188S,  are  of  almost  equal  importance. 

Orton's  work  during  his  whole  life  was  largely  of  an  economic  char- 
acter, the  more  importiuit  and  comprehensive  publications  being  Vol- 
umes V  (18S4)  and  VI  (IS88)  on  the  Economic  Geology  of  Ohio,  his 
ltei)ort  on  Petroleum  and  Gas  in  Ohio  (1890),  and  the  Report  on  the 
Occurrence  of  Petroleum,  Natural  Gas,  and  Asphalt  Rock  in  West- 
ern Kentucky  (1891).  He  also  had  an  important  paper  on  the  Trenton 
limestone  as  a  source  of  petroleum  and  inflammable  gas  in  Ohio  and 
Indiana,  in  the  Eighth  Annual  Report  of  the  U.  S.  Geological  Survey 
(1886-87).  Aside  from  his  record  as  president  of  the  university  and 
a  teacher,  Orton  will  ])e  l>est  rememl:)ered  for  his  work  on  the  sub- 
jects of  <^iis  and  p(»troleuni,  although  in  his  report  on  the  third  geo- 
logical  district  lie  makes  important  observations  on  the  Cincinnati 
uplift  or  axis,  showing  it  to  have  ])een  a  slow  and  gradual  formation 
rosiiltiii<r  \n  a  ir^'utlo  flexure  in  the  earth's  crust  involving  the  I^>wcr 
and  tapper  Silurian  aiui.  to  some  extent,  the  Devonian  formations  of 
tln'  State.     Ill  his  own  woids.  his  conclusions  were  as  follows: 

Fii*st,  tlu"  Cincinnati  axis  in  sontluTn  Oliio  wa.s  ^li^?e(l  alx)ve  the  sea  at  the  en«l  of 
the  )>hir  liniest<ine  perio*!,  or  rertainly  early  in  the  hi.stnry  of  the  Clinton  einvh. 
SecM)n<l,  it  nmU'rwiMit  various  osrillaiioiis,  ])ut  the  elevatory  movemeiita  siu^'eiHiiil 
thnso  of  (l«'])rrs'-inn.     Third,  tlie  rate  of  niovt'inent  was  ex(^ee<iinply  slow. 

His  views  on  the  o-lacial  period,  expressed  briefly  and  in  his  own 
words,  were  as  follows: 

Th<'  fnlldwint:  thr«'of(>l<l  divisions  of  glacial  time  may  Ik*  <'on8i<lenHl  as  demon- 
strated: Fir^t,  an  a;;e  of  j^tMirral  el<*vation  of  northern  lanrl  accompanieil  hy  intenn- 
(•(►Id  and  tin*  formation  «)f  extensi\(*  continental  ^laeiei*s.  Seeond,  a  jjeneml  d('prr>- 
sion  of  the  lan«l  with  the  return  of  a  milder  climate.  Third,  a  partial  riidevati'-ri 
of  the  land  and  a  partial  return  of  the  cold  climate,  pnKlueinjj:  local  jrlacicrs  un«l 
iccluTiTH. 

Orton  was  horn  in  Delaware  (-ountv.  New  York,  and  educated  at 
llamiltcm  ('olle«^e,  irniduatiiio-  in  Isoo.  He  subsequently  studied 
at  Harvard  and  then  entered  the  Andover  Theological  Seminary, 
hein^-  licenced  to  preach  in  lS5r),  and  soon  after  ordjiined  as  pastor 
of  fhe  I^H'sln  teriaii  Church  at  Dowiisville.  Delaware  (.'ountv.  New 
York.      Ho  resigned  this  pos\t\o\A  \\\  v>Yd^Y  \\\aX  W  vi\\^V\l  flA.'ce\>t  tliat 


Edward  Orton. 

lo  stale  I'nlve rally,  and  Slult  Oeologisl  o[  Ohio. 


AMEBIOAN   GEOLOGY DECADE   OF  1860-1869.  547 

Df  professor  of  natural  sciences  in  the  New  York  State  Normal  School 
It  Albany.  Becoming  convinced,  however,  that  his  gradually  chang- 
ing views  on  religious  matters  were  such  that  he 
iketchoforton.  could  not  conscicntiously  continue  to  hold  this  posi- 
tion, he  resigned  it,  and  accepted  the  principalship 
^f  an  academy  at  Chester,  in  Orange  County,  the  same  State. 

In  1865  he  became  principal  of  the  preparatory  department  of 
Antioch  College  in  Ohio,  then  professor  of  natural  sciences,  and 
ifterwards  president  of  the  same  institution. 

His  active  work  as  a  geologist  received  its  first  recognition  in  1869, 
when  he  was  appointed  Newberry's  assistant.  In  1873  he  was  made 
president  of  the  new  Agricultural  and  Mechanical  College,  founded 
mder  the  Morrill  act,  and  also  took  charge  of  the  chair  of  geology  in 
ihe  same  institution.  Under  his  efficient  administration,  which  lasted 
intil  1881,  the  institution  prospered  and  finally  developed  into  the 
)hio  State  University. 

In  1882,  after  his  voluntary  retirement  from  the  State  University, 
he  geological  survey  was  organized  and  Orton  made  State  geologist, 

position  he  continued  to  hold  until  the  time  of  his  death  in  1899. 

Orton  belonged  to  the  generation  beginning  work  immediately  after 
he  civil  war  and,  according  to  his  biographer,  always  leaned  toward 
he  application  of  the  science  to  the  benefit  of  his  fellow  men.  ''He 
'as  painstaking  and  exact  in  observation,  scrupulous  in  statement, 
autious  in  speculation."  He  was  one  of  the  first  to  recognize  the 
ossibility  of  the  exhaustion  of  the  supply  of  petroleum  and  natural 
as,  and  to  issue  appeals  to  the  people  of  Ohio,  urging  care  in  luis- 
anding  their  re^sources.  But  these  were  not  received  in  the  spirit  in 
iiich  they  were  offered,  and  he  had  the  melancholy  satisfaction  of 
?eiiig  his  forebodings  justified  by  the  event. 

Bv  those  who  knew  him  Orton  will  be  rememben»d  as  alwavs  a  man 
f  perfect  courtesy,  dignified,  a  little  stately,  and  never  effusive.  His 
fe  was  full  of  considerate  and  helpful  kindness —modest  and  retiring 
>  an  unusual  degree,  and  yet  one  of  the  few  men  to  whom  honors 
m\e  notwithstanding.     In  1891   he  suffered  from  a  ])aralytic  stroke 

hich  cost  him  the  entire  loss  of  the  use  of  the  left  hand,  vet  he  con- 
nued  to  teach  and  to  work  until  almost  the  last  hour  of  his  life.  For 
ight  years  he  had  looked  upon  death  as  a  thing  momentarily  to  be 
xpected.  He  met  it  bravely,  cheerfully,  and  fearlessly  on  October 
0,  1899. 

In  1869  the  fourth  attempt  at  a  systematic  geological  survey  of 
ndiana  was  made,  the  appointment  as  Stjite  geologist  going  this  time 
)  E.  T.  Cox,  heretofore  known  to  geological  fame  only  through  his 
ork  while  assistant  to  Owen  in  Kentucky  and  Arkansas  in  1S56-1S0O. 

Annual  reports  were  issued  for  each  of  the  ten  years  which  marked 
16  life  of  this  survey.     Those  of  1869  and  IVsl'i  vj^Wi,  v^'c^q^oxxv^socCv^^ 
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by  county  maps,  tliougli  no  ^eolt^ical  map  of  the  State  in  its  entirpty 
was  furnished.  A  colored  .section  across  the  State  from  Urcenca^tle 
to  Terre  Haute  accompanied  the  report  for  1869. 

(!lox  waw  assisted  during  the  entire  or  a  part  of  the  time  by  Franlr  H. 
Bradley.  Rufus  Haynmud,  U,  M.  Levette,  B,  0.  Hobbs,  R.  B.  Warder, 
W."\V.  Borden,  M.  N.  EIrod,  John  Collett,  and  E.  S. 
SS'Ju?Hi(t»^879.  Mclntire,  the  fossil  flora  being  described  by  Leo  Les- 
quereux  and  the  fauna  of  Wyandotte  Care  by  E.  D. 
Cope.  Zoologiuil  and  botanical  aubjects  were  treated  by  D.  S.  Jordan, 
J.  M.  CJoultor,  and  J.  St-henk. 

These  reixirtf*  as  a  wholti  contained  little  new  or  impressive.  In  the 
eighth,  which  was  the  most  comprehensive  thus  far  issued,  Co.\  liim- 
tself  called  attention  to  the  fact  that  the  geologic^)  history  of  the  State 
"appears  tame  and  devoid  of  the  marvelous  interest  which  attaches  to 
many  other  regions,  aiul  that  there  is  not  a  single  true  fault  or  upward 
or  downward  break  or  displacement  of  the 
strata  thus  far  discovered."  The  ulde^ 
rocks  of  the  State  were  found  in  the  Nouth- 
ern  portion,  extending  from  the  Ohio  Kiver 
r  the  mouth  of  Fourteen  Mile  Creek  tu 
t'astern  t>oundarv  line.  These  are  iho 
so-called  Hud.son  River  rocks  of  Hall,  whiili 
C.iN  i'niTclated  with  SatfoniV  Nushvill^ 
{rivti}).  and  which  Worthen  and  Mock  iind 
hicluch'd  under  the  name  of  Cini-iiuinti 
lii-DiiiK  lleregiirded  theSihirian  stnitii  a> 
uplifted,  not  liyaloca!disturl)aTice.  liut  "I'V 
ati  elcvatin;r  force  tlint  acted  \cry>li.»iy  I 
iind  extending  nver  the  entii'c  i-cntnil  iirva 
of  tin- I'nited  States."  The  scat  of  grcalv-t  ' 
fi.nv,  lie  tli.mglit.  li<)Wi'Vcr.  was  nut  limited  to  southw.'Nlern  {Mm.  i 
but  was  to  )"-  lo,>kc<l  for  in  Kentucky. 

( '<>.\  acccptcil  the  ycnci'al  theory  of  glacial  drift  as  at  i>reserit  ua.lor- 
sto.id.  iirid   c'onccivcd  tliat  tin- climatic  changes   might    iw  due  to  tin ■ 
[■■■ialivc  iMi-ilinu  of  land  and  water,  jwssibly  a  change  in  the  cour.-i'i'f    , 
lhe(;iilf  Siream.      He  onid  tind  no  evidence  of  a  subsidence  of  lln'    ' 
land  lolcniiiiiate  the  glacial    [HTind.  nor  could  he  tind  in  Ohio.  Iti.li     I 
ana.  <ir    liliimi-  anylliingto   militate  against  the  oonimcncemeiil  of 'i    . 
gljiciai  jicriod  in  Tertiary  times  and  its  continuation  — 
iiiilil  l>i.>tijlM  lo  :,,'!.>-.'  I>>  ilsoiui.'n..iv<'f<>rr.'.  iii<k'<l  1)y  >i1iii<.Ht>l>vrii- iiaa  iiivu-m'    I 
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h.Mi.r  '.i  III.'  ■Ja.,.-r  w.i.>  .ny  .\-<.\  ii  aii.I  :i  L'i'iieral  It'V.-ihijj;  of  tlic  hin.!  tm.k  ].\:<.<: 

Tlii-  sugg.-.tiun  lliat  tii,c  glacial  e|>och  worked  out  its  own  cle-iriir 
tiou  tlin.ngh  :i  prnre,,  of  leveling,  whereby  the  altitudes  which  g.i'> 
il  liiiii\  ucrc  so  far  reduced  \\v.it  i^iw"'''^  <-"uld  no  longer  exist,  i- 
iiiiiiHif  mill,  Ml  fur  a>  the  |n\'svii\\.  wvuwXsftviMft^OTK^vci^XVxXVO*^. 


AMBBIOAN  GEOLOGY — DECADE  OF  1860-1869. 


549 


Upon  the  recommendation  of  LoKan,  Dr.  A.  K.  C  Selwyn,  an  En^- 
lisbmati,  for  several  jeara  connected  with  the  geological  survey  of 
Oreat  Britain  under  De  la  Beche,  and  from  1852  until  l86!)diro('tor  of 
the  geological  Murvoy  of  Victoriii,  Aimtralia,  war-,  upon 
ndnMwyn.  the  retirement  of  tlie  first  named,  made  director  of  the 

geological  survey  of  Canada.  In  thi^capacity  Selwyn 
(»erved  for  twentj'-tive  years,  or  until  1894.  He  wae  aasiated  by 
H.  H.  Ami,  Elkanah  Billings,  and  J.  F.  Whiteaves,  paleontologists; 
RotMft  Bell,  George  M.  Dawson,  James  Richanlson.  and  J.  B.  Tyr- 
rell, geologists,  and  B.  J.  Harrington  and  T.  Sterry  Hunt,  chemisK 
With  this  ethcient  corps  the  work  of  the  sur- 
vey was  pushed  vigorously,  Init.  extending 
as  it  did  beyond  the  time  limits  laid  down 
for  this  .-iketch,  it  can  be  tuiu-hcd  upon  but 
briefly. 

During  tlic  i>eriod  uf  his  adniinislration 
twenty  large  annual  reports  were  issued  and 
nine  volumes  on  [mieontology  and  pileo- 
botany.  The  work  of  the  survi^v  was  pushed 
westward  as  far  as  British  Columbia,  imd 
though  ever  with  economic  ends  in  view, 
nmch  was  accomplished  in  the  way  of  pure 
mdence.  The  gold  tields  of  Nova  Scotia 
were  investigated  and  the  silver  deposits  of 
Thunder  Bay,  on  Ijake  Superior.  The 
stratigi-aphic  problems  involved  in  Logan's  "Quebec  group"  also 
received  attention.  His  aim  from  the  start,  a«  statcxi  l>y  one  of  his 
biographers,  was  to  umke  the  survey  an  eminently  practical  deimrt- 
ment  in  whii-h  the  records  of  the  mines  atid  mineral  statistics  should 
l>e  kept  for  the  use  of  both  the  Parliament  and  the  public 

Selwyn  is  pictured  to  us  as  n  scholar  of  mre  ability,  social,  amiable, 
and  chivalrous  in  private  life,  but  a  strict  disciplinarian;  tall,  gmcc- 
ful,  quick,  and  alert,  of  a  mther  highstrung  and  nervous  disposition, 
and  with  a  keen  and  olwervant  eye.  His  bibliography  consists  mainly 
of  short  papers  and  summaries  published  in  connection  with  his  otHcial 
ri'jwrts. 


CHAPTER    VII. 

THE  ERA  OF  NATIONAL  SURVEYS  OR  FIFTH  ERA  OF  STATE 

SURVEYS.  1870-X879. 

The  period  of  the  civil  war  iiad  brought  to  light  a  considerable 
^unilwr  of  men  for  whom  the  piping  times  of  peace,  even  when  varied 
b^'  Indian  outbreaks  in  the  West,  afforded  insufficient  opportunities. 
X^hey  were  men  in  whom  the  times  had  developed  a  power  of  organ- 
isation and  command.  They  were,  moreover,  men  of  courage  to  the 
point  of  daring.  It  was  but  natural,  therefore,  particularly  when  the 
necessity  for  military  routes  in  the  West  and  public  land  questions 
^ere  taken  into  consideration,  that  such  should  turn  their  attention 
toward  western  exploration.  Further,  the  surveys  made  in  the  third 
decade,  in  connection  with  routes  for  the  Pacific  railroads,  and  the 
Mrork  done  by  Evans,  Hayden,  and  Meek  in  the  Bad  Lands  of  the  Mis- 
souri, had  whetted  the  desires  of  numerous  investigators.  Willing 
Workers  were  abundant  and  Congress  not  difficult  to  persuade  iiito 
granting  the  necessary  funds.  Hence  expedition  aftcM*  expedition  was 
organized  and  sent  out,  some  purely  military,  some  military  and  geo- 
graphic, with  geology  only  incidental,  and  others  for  the  avowed  pur- 
pose of  geological  research. 

Under  such  conditions  was  inaugurated  the  work  which  culminated, 
in  187t),  in  the  organization  of  the  present  U.  S.  Geological  Survey, 
which,  for  breadth  of  scope  and  financial  resources,  is  without  coun- 
terpart in  the  world's  history  of  science. 

The  more  important  of  the  expeditions  above  referred  to,  as  will  be 
seen,  were  Hay  den's  Geological  Surveys  of  the  Territories;  King's 
Geological  Survey  of  the  Fortieth  Parallel;  PowelTs  Surveys  of  the 
Grand  Canyon  of  the  Colorado  and  adjacent  regions;  and  Wheeler's 
Geographical  Surveys  West  of  the  One-hundredth  Meridian. 

These  expeditions  demanded  men  in  the  prime  of  life  and  l)odil^v 
vigor — men  who  could  endure  exposure  and  fatigue  and,  if  necessary, 
face  danger.  It  is  a  natural  consequence  that  there  should  be  found 
among  the  workers  many  names  and  faces  which  have  not  heretofore 
appeared  in  our  chronicles.  Among  those  who  appear  now,  if  not  for 
the  first  time,  at  least  for  the  first  time  prominently,  mention  may  be 
made  of  C.  E.  Dutton,  S.  F.  Emmons,  G.  K.  Gilbert,  Arnold  Hague, 
W.  H.  Holmes,  Clarence  King,  O.  C.  Marsh,  A.  11.  Marvine,  A.  C. 
Peale,  J.  W.  Powell,  I.  C.  Russell,  Orestes  St.  John,  J.  J.  Stev^enson, 
and  R.  P.  Whitfield. 
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Althougli  tliis  was  n  ixTiod  of  great  activity  on  tho  part  of  the  (Jeo- 

cral  (lovornuiiint,  State  and  provincial  governments  were  by  no  lueuns 

(luiescent.     Important  woik  was  l>eing  done  bj'  T.  C  Obamberlia  in 

Wisconsin,  <).  W,  Dawson  in   Nova  Stwtia, 

HW.  C.  Kerr  in  North  Carolina.  Eugene  A. 
Smith  in  A)iil»imH,  and  J.  D.  Wbitnev  in 
California.  Thoiv  were  also  organized  a  aei- 
oiid  geological  survey  of  Pennsylvania,  with 
J.  P.  Lesley  ut  its  bead,  and  a  geolc^csl 
and  niitiii'al  history  survey  of  Minnesota, 
under  N.  H.  Winchell.  Both  of  these  last- 
named  organizations  continued  their  work 
beyond  the  peiiod  of  the  limit  set  for  this 
history.  An  attempt  at  establishing  a  geo- 
logieal  survey  of  Georgia  in  1874  resulted  in 
th(!  appointment  of  George  Little  an  State 
FiQ  Bo  — GoofBc  Luiiu  geologist  and  tlio  subsequent  issuance  of  two 

rejKirts  comprising  altogether  but  5^  p^es. 
Ill  1S70  (f)  John  Murrish  was  appointed  by  Governor  Lucius  Fair- 
child,  of  Wisconsin,  commissioner  of  the  survey  of  the  load  district  of 
that  Stiitt',    Muvrish  was.  according  to  his  own  statement,  "a  practical 
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He  described  sink  holes  and  what  are  evidently  stylolites,  the  true 
character  of  which  he  did  not  recognize,  but  regarded  as  doubtless 
due  to  the  same  physical  disturl)ances.  The  elevation  referred  to  and 
the  l)elts  of  minend  land  in  the  district  were  formed,  he  conceived, 
from  groups  of  fissures  or  faults  in  the  Plutonic  and  Azoic  rocks 
beneath,  which  w(»re  themselv(\s  produced  by  mechanical  forces  evi- 
dently genemted  by  internal  heat.  Water  entorinir  between  the  beds 
would  percolate  downward  through  these  lines  of  fnu^ture,  where  it 
would  come  in  contact  with  intensely  heated  matter  under  a  pressure 
of  several  hundred  fe4*t  of  overlying  rock.  If  the  temperature  was 
sufficient  the  water  would  be  converted  into  steam  or  elastic  vapor, 
which  might  possess  sufficient  mechanical  power  to  bring  about  the 
elevation.  During  the  early  formation  of  the  stratitied  rocks,  partic- 
ularly the*  Potsdam  sandstone,  the  resistance  to  this  expansive  force 
would  1k»  comparatively  little,  since  vent  for  the  steam  would  be  easily 
found  through  the  loosely  accunnilated  sand;  but  as  laver  after  layer 
was  added  to  the  strata  and  the  more  compact  limestone  })egan  to  form 
and  harden  ateve  it,  resistance  would  increase  until  to  overcome  it  a 
general  lifting  of  the  strata  would  take  place,  by  which  escai)e  would 
Ik)  effected  through  fissures  in  the  rock  along  the  line  of  those  original 
faults  in  the  Plutonic  rocks  below. 

A  miiTOScopic  (examination  of  the  sand  grains  from  the  disintegmted 
Potsdam  sandstone  having  revealed  the  crystalline  nature  of  the  gran- 
ules, due,  as  we  now  know,  to  the  deposition  of  interstitial  silica,  he  con- 
ceived, as  did  Whitney  (p.  401>),  that  the  entire  deposit  was  of  chemical 
origin. 

Supposing  Iceland  phoiild  l>e  siihinergt'd  to  a  considerable  de])th  Ixuieath  the 
ocean,  and  thoHe  plains  situaU'd  alxuit  'M)  miles  from  that  note^l  volcain^  Ilecla, 
known  now  to  be  full  of  heated  springs,  steaming  lissures,  and  Injiling  geysers, 
whose  waters  hold  a  large  amount  of  silica  in  solution  that  is  now  being  deposited 
oft  the  Hurfa^'e  around  those  places,  wen-  ])Ouring  their  waters  into  the  ocean  above, 
should  we  not  have  there  on  a  small  scale  what  })erhaps  existed  on  a  very  large  scale 
during  our  sandstone  formation? 

Perhaps  so.     Who  shall  say? 

Like  man}'  men  of  slight  training,  Murrish  failed  to  give  proper 
weight  to  the  evidence  gathen»d  and  was  led  into  many  errors,  the 
most  serious  of  which  was  that  of  assuming  that  the  Lower  Magnesian 
limestone  might  prove  to  be  an  ore-bearing  stratum — this  in  spite  of 
the  opinion  to  the  contrary  h(dd  by  Hall,  Whitn(»v,  and  others. 

During  the  summer  of  1S70  O.  C.  Marsh,  professor  of  i)aleontology 
in  Yale  (College,  began  a  series  of  scientitic  expeditions  into  the  western 

part  of  the  Tnitc^d  States,  having  for  his  primary  object 
BxpiSjtkmf^Vaf     ^^^  collection  of  vertebnite  fossil  remains.    The  results 

of  these  exp«»ditions  soon  placed  Marsh  among  the 
leading  vertebmte  paleontologists  of  the  world. 
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The  Middle  West,  it  should  be  remembered,  was  at  that  time  an 
almost  tinknowii  territory,  traversed  by  but  a  sing^le  railroad  (tJii' 
Union  Pacitic),  and  much  of  it  rendered  unsafe  for  the  white  msn 
through  roving  hands  of  Indians,  necessitating  military  escort  in 
many  instances. 

The  first  exp(?dition  explored  the  Pliocene  deposits  of  Nebraska,  the 
Miocene  of  nortJtieni  Colorado,  and  the  Eocene  of  the  Bridger  Basin 
in  Wyoming  and  the  Uinta  Bawin  of  Utah,  These  expeditions  .were 
supported  largely  at  Professor  Marsh's  private  expense,  until  the 
organization  in  1879  of  the  U.  S.  Geological  Survey  under  Powell, 
shortly  after  which  Marsh  was  appointed  a  United  States  {Mileonlolo- 
gist,  though  still  di-awing  upon  his  own  resources  *hen  necessary  or 
when,  in  his  opinion,  it  became  advisable  in  order  that  new  discoveries 
might  become  iminediat^ly  available. 

Under  these  joint  agencies  there  was  brought  together  the  niasc 
of  material  now  forming  the  vertebrate 
collections  at  Yale  University  and  the  ex- 
tensive Mai-sh  collection  in  the  National 
Mnsemn  in  Washington,  which  has  formed 
the  I«isis  for  the  numerous  monogra|)hs 
and  irnpers  included  in  Marsh's  extensive 
bibliography. 

The  most  netted  of  his  early  discoveries 
was  Ihut  of  the  toothed  birds,  Odontor- 
iiitlics(lIt's|(crornis!uid  Ichthyornis),  which 
forniiHi  the  basis  of  a  monograph  puliHshi'^f 
iii  issi).  IWed  on  later  discoveiies  were 
hi,-^  inoiiogmphs  on  the  Hinoccrara  itiiil  tlie 
i'\ti-!iordiniii'y  dinoMiuria,  of  whii'li  tlir 
Anchisniiriis,  Hroiitosiuirus.  Laosiuiru-. 
Ceiiitosiuirii^,  Canipto.sjinriis,  StegosaiiriLs,  (.'huKsiiurus,  and  Trii'Ciiitnii.- 
lire  the  Ih'sI  known  rcpresi'utjilives. 

Miii'sh's  connection  with  tite  United  Slates  Survey  contiime<l  u\<l- 
thi'  time  ol'  Ills  deatli.  which  look  phu^e  in  Miin'h.  isWt,  and  innclief 
lii>  work  liiy  lieyond  the  time  limits  of  this  history. 

Inl^T(la■.■■:lin  tlie  Ie-;isliitLirei>f  Missouri  piissed  an  actftir  th.-otiili- 
lisliuiejit  of  ii  Hiiniiig  liun-au.  llie  board  of  control  of  whi<-li  was  ti.l-' 
eiimposed  of  the  (ro\ei'nor  :ind  nine  members,  one  from  each  (.'en- 
gressioiiiil  disS.ric-l.  Upon  this  board  was  conferr<ii 
the  power  of  ap|>ointing  a  Stjite  geologist,  the  clioin' 
f..r  which  fell  njxni  AlInM-t  Ilager,  of  Vermont. 
II  of  si-rvice  was,  however,  short,  and  but  one  ivi^rt  "i 
pnigi'css  pnlilishcd,  owing  to  ii  disigrcement  with  the  bourd,  Tlu'' 
report  dealt  liirgeiy  with  the  condition  of  the  survey  at  the  time  lie 
took  vlinrgi'.     It  would  mipe-av  that,  siiwe  the  suspension  of  SM'iille"-* 
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survey  in  1861,  the  collections  and  other  materials,  the  property  of 
the  survey,  had  been  stored  in  the  University  building  at  Columbia, 
which  was  at  one  time  in  the  jwssession  of  armed  troops,  and  the 
materials  suffered  accordingly,  as  would  naturally  be  expected.  He 
found,  however,  reports  of  B.  F.  Shumard  made  during  the  work  of 
Swallow's  survey,  in  a  fairly  complete  condition.  These  were  on  the 
counties  of  Crawford,  Clark,  Cape  Girardeau,  Phelps,  Ste.  Genevieve, 
Ozark,  Douglas,  Perry,  Jefferson,  Laclede,  Pulaski,  and  Wright. 
The  reports  of  Swallow  and  Meek  were  also  in  a  satisfactory  condi- 
tion. It  is  stated,  too,  that  he  obtained  much  material  relating  to  the 
former  surve}\s  from  Shumard  and  Swallow,  with  apparently  the 
intention  of  editing  their  notes  and  publishing  them.  So  far  as  known, 
however,  nothing  was  done,  and  on  March  18  the  law  governing  the 
bureau  was  amended.  Dr.  J.  G.  Norwood,  who  with  Dr.  C  M.  Litton 
had  been  one  of  Hager's  assistants,  remained  temporarily  in  charge  of 
the  affairs  of  the  survey  from  September  1,  1871,  until  November 
of  the  same  year,  when  K.  Pumpelly  was  placed  at  the  head  of  the 
organization.  Norwood,  during  his  brief  period  of  authority,  was 
assisted  bv  G.  C.  Broadhead  and  C.  M.  Litton. 

Under  the  management  of  Pumpelly  there  were  issued  in  1873  two 
volumes  of  rejwrts,  the  first  a  royal  octavo  of  325  pages  which  con- 
tained all  of  the  *' previously  unpublished  material'' that  had  been 

transmitted  to  him  by  earlier  workers  on  the  geological 
oti^^A  fSzT.*'^  sur\^ey  of  Missouri.     This  comprised  the  reports  of 

Broadhead,  Meek,  and  Shumard,  and  contained  eight 
geological  maps  of  counties  and  numerous  sections. 

In  this  same  year  there  was  published,  also  under  the  supervision  of 
Pumpell}',  a  preliminary  report  on  the  iron  ores  and  coal  fields,  form- 
ing a  volume  of  440  pages  and  190  illustrations  in  the  text,  with  a  large 
folio  atlas  of  15  sheets.  Pumpelly  was  assisted  in  the  preparation  of 
this  work  by  G.  C.  Broadhead,  W.  B.  Potter,  Adolph  S<*hmidt,  and 
C.  J.  Norwood  as  geologists;  and  Kegis  Chauvenet,  chemist.  Other 
assistance  was  rendered  by  W.  E.  Guy,  J.  R.  Gage,  and  flackson 
Leonard. 

In  the  report  on  the  iron  and  coal,  Pumpelly  seems  directly  respon- 
sil>le  only  for  the  ideas  advanced  in  the  first  28  pages.  It  is  worthy 
of  note  that  even  at  this  late  date  Pumpelly  seems  to  have  regarded 
the  porphyries  of  Pilot  Knob  and  adjacent  regions  as  sedimentary 
rocks.     He  wrote: 

The  porphyries  are  older  than  the  Silurian  and  l)eIong  to  the  Archcan  (Azoic) 
formation  of  which  they  may  Ik*  the  youngest  meml>er  in  ^lissouri.  ♦  *  *  They 
are  stratified  on  an  immense  ncale,  but  owing  to  the  rarity  of  interntratilied  IkmIs  of 
other  rocks  the  unraveling  of  the  internal  structure  of  the  district  is  a  difficult 
problem. 
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Th(»  porphyrv  hills,  like  Pilot  Knob  and  others,  he  regarded  w 
Azoic  rocks,  the  «»xjio8ed  portions  of  the  skeleton  of  the  eaA»tern  part 
of  the  Ozark  range,  risinjif  from  3(K»  to  1,800  feet  alK>ve  the  level  of 
the  surrounding^  country.  ''They  form  an  archipelago  of  lAlandi^  in 
the  Ijower  Silurian  stnita,  which  surnmnd  them  as  a  whole  and  sepa- 
i-ato  th(»ni  from  each  other."*  The  rot^ks  overlying  these  he  regarded 
as  hclon<ifin>;  to  the  oldest  meml>ers  of  the  Silurian,  and  thought  that 
they  might  Im»  the  deep-seated  equivalents  of  the  Potsdam  sandstone. 
<»r  even  older. 

The  region  of  these  porphyries,  as  well  as  the  Ozark  range  in  gen- 
eral throughout  Missouri,  had,  in  his  opinion,  apparently  been  alwve 
the  level  of  the  sea  from  a  very  early  |)eriod  (perhaps  since  the  Car- 
boniferous and  Silurian)  t<.)  the  present  time. 

He  recognized  the  fact  that  the  surface  ore  at  Iron  Mountain  was  a 
nvsiduary  product  resulting  from  the  disintegration  and  gradual 
removal  of  the  siliceous  rocks  in  which  the  iron  ore  was  originally 
em})edd(Hl,  th(»  instance  ottering,  as  he  stated,  an  extreme  case  where 
(lecomix)sition  of  tlu»  i>orphyry  in  mass  facilitated  the  sepai*ation  of 
the  ore  from  tlu»,  rock  and  the  mechanical  removal  of  the  latter.  I 

CoiiciMiiing  the  ultimate  origin  of  the  iron,  Pumi)elly  was  silent. 
Uegarding  th(»  origin  of  the  manganese  ore  as  at  CuthtKM'tsons  Hill, 
in  township  Mo,  he  wrote: 

It  \vuul«l  HMMii  tluit  Nvc  have  in  thesr  «)cciirrenoc8  instances  n(  ivpliuvnu'iit,  Vuit  it 
i>!  (lilliriilt  l«»  iina^riiK'ii  <lin'<-t  .«n)>stitnti()ii  of  inanganest*  oxiiltw  f<jr  tin*  «k*f«»in|M>sitioi» 
luiMliU'ts  «»f  a  jHUpliyi  V,  ami  all  the  inon'  s«>  in  this  vmn'  from  the  fact  tliat  tlioanal\>is 
."Imw^  tJM'  HMnaiiiin;;  jM.i|»hyrv,  whifh  is  intimately  iissociated  with  the  «>«%  tt>  have 
its  noi'iiial  rotistitntiiiii. 

He  t'urtlierch'scribed  what  he  calhul  a  metaphoric  limeston«»  at  HutTs, 
n<^!ir  At'klimsls.  ;is 

nearly  wholly  <haiij:t'il  into  a  }H»rphyry  or  jas|>er  rock^  it  having  here  a  schiE»t««iil 
>tnutiii-e  in  wliirli  tlu*  altcrnat*'  lamina'  are  imimre,  cx.>mj)a('t  earlnuiate  of  liiii**. 
^  "^  ■'^  Ilrn*  is  a  mm'IiiImt  of  tin*  porphyry  series  wbieli  was  ori^rinaily,  unques- 
ti«»iml)ly.  a  limc>t«>nc,  Imt  in  which  the  oritrinal  [ihysieal  and  chemical  character- 
istic have  ainlo^t  wholly  «lisa]>p("anMl.  It  shonld  not  seem  imix)ssi]>le  tliat  tin' 
man-janiieioiis  mcks  N\hicli  have  Im-cii  <U'Scrihe<l  may  have  had  a  similar  ori^rin,  ai»«l 
that  thr  maimanese  arid  iron  oxidrs  owe  thi'ir  present  existence  to  a  fi»rnn»r  rk'|>Ia('c- 
iiM-nt  i»f  tin-  liim'-carhiinat*'  1»\  iron  and  manganese?  sidts.  Th(»  porphyry  whirh  nnw 
snrii»nnd.<  th«'-r  «in»>  may  he  <lne  to  a  previons,  con  tempo  nuKH>ns,  or  snhs*^iucuf 
r(»phuvmrnt  n\  the  lime-carhonate  hy  silii-a  an«l  silicates. 

A  '"iiiuv  i)e'*  to  whit'li  few  would  asscMit  at  this  date. 

A  general  (li*^(•ussion  of  llie  iron  ores  and  their  distribution  wasctmi- 
pri^ed  in  the  leportof  Mr.  Chauven(»t,  which  occupied  ll>2  pages  of 
I  he  entire  vohiine.  According  to  this  writ(»r  the  on»s  of  Iron  Moun- 
tain are  due  to  (h'j)osition  from  solution  in  water  which  lilt4»red  int" 
tissures.  Adolph  S<dimi(ll  regai'dc^l  these*  same  ores  as  replaceiiu>»f 
pnxhicts  and  attempt<*(l  to  explain  their  formation  as  follows:  Whon  si 
jsolution  of  .sulphate  or  chloride  oi  \vvn\  e<.>\\Uu\vuv^  also  carbonic  a^-i*' 


AMEBTOAN    GEOLOGY DECADE   OF   1870-1879.  557 

"emains  for  any  length  of  time  in  contact  with  a  porphyry  the  latter 
Fill  become  decomposed,  the  alkalies  being  set  free  in  the  form  of 
arbonate^.  The  carbonates,  reacting  on  the  iron-bearing  solutions, 
fc'ill  precipitate  the  iron  as  oxides,  which  will  fill  the  pores  in  the 
>orphyry  made  by  the  removal  of  the  alkalies.  The  silica  set  free  in 
he  process  would  be  to  some  extent  removed,  but  most  of  it  would 
"emain.  The  silicate  of  alumina  would  be  decomposed  by  bicarbonate 
*f  iron  in  solution  and  removed  in  the  form  of  a  soluble  bisilicate,  as 
explained  by  Bischoff.  It  is  needless  to  say  that  these  views  were  not 
jenomlly  accepted. 

Next  to  Owen's  Key  to  the  Geology  of  the  rflol>e,  I  know  of  no 
nore  extraordinary  publication  relating  to  American  geology  tlmn 
^hat  of  the  artist  George  Catlin,  entitled  The  Lifted  aiul  Subsid(»d 

Rocks  of  America,  with  their  Influences  on  the  Oceanic, 
CSw^'Sto.**"       Atmospheric,  and  LandCurrent-s,  which  was  published 

in  London  in  1870. 

One  can  forgive  any  amount  of  ignorance  relating  to  the  subject  of 
feology  in  a  man  of  Catlin's  profession,  but  it  is  not  so  easy  to  forgive 
lim  for  putting  l)efore  an  indiscriminating  public  opinions  which  are 
'ounded  on  wholly  insufficit^nt,  and  in  many  cases  visioimry,  dat^i. 

Catlin  had  traveled  extensively  throughout  the  western  portions  of 
S'orth  America  and  natui^allv  had  been  attracted  bv  the  enormous 
mioiuit  of  erosion  and  uplift  manifest  in  a  treeless  area.  That  his 
:houghts  should  have  been  turned  in  this  direction  is  not  at  all  strange, 
lat  his  conclusions  are  such  as  can  be  accounted  for  onlv  on  the 
^rounds  that  he  had  received  absolutely  no  training,  had  not  learned 
low  to  observe,  nor  how  to  reason  from  that  which  he  saw\ 

The  most  striking  features  ot  the  work  are  those  relating  to  the 
;au.se  of  the  Gulf  Stream  and  the  origin  of  the  Gulf  of  Mexico.  He 
conceived  that  from  })oth  North  and  South  America  then*  issucnl  two 
arge  subteri-anean  streams  of  water,  one  flowing  fiom  the  north  to 
:he  south  under  the  main  axis  of  the  Rockv  ilounbiins,  and  the  other 
n  an  opposite  direction  along  the  main  axis  of  tlu*  Andes.  These 
)ecoming  heated  through  proximity  to  the*  volcanic  fires  in  the  region 
)f  the  equator,  finally  issued,  giving  the  n«»cessary  volume  and  teinper- 
iture  to  account  for  the  Gulf  Stn»am. 

The  origin  of  the  gulf  itself  he  imagined  to  be  due  to  an  undermining 
>f  the  crust  of  the  earth  and  its  subsequent  falling  in,  through  tlie 
solvent  action  of  the  heated  water,  and  he  figures  the  continent  ]K>th 
)efore  and  after  the  cnt^istrophe." 

«Catlin'»  book  was  n')tii'f(l  in  the  Amoriciiii  Journal  of  SciciKo,  L,  1S70,  and  <lis- 
iiis»e<l  with  the  followiiij^  curt  remark:  **The  writer  of  tliis  work,  woU  known  for  his 
ravels  among  the  American  Indians,  here  treats  of  mountain  drainap',  uplieavals, 
netamorfihism,  making  of  mountaiu  chains,  sinking  of  mountains,  and  of  th(>  Indian 
•ac^es  of  America.  He  pn^sents  his  geological  views  and  cr\tW\^\\\^  \n'\\\\  vl'^v^-aX  \.vv^\- 
iveness,  which  is  coiwistcnt  with  the  fact  of  his  limited  \LuoYi\cd^eQlW\v;^v\>Vi^^«'' 
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In  1871,  Dr.  F.  V.  Hopkins,  professor  of  geology,  chemistry,  and 
mineralogy  in  the  State  University  of  Louisiana,  issued  a  report  on 
the  geology  of  the  State,  relating  particularly  to  the  post-Tertian- 

deposits,  and  containing  also  a  colored  geological  map. 
QeoioKyofLonisiaiui,     Thesc  dcposits  he  divided  into  (1)  Drift,  (2)  Port 

Hudson  (so-called  by  Hilgard),  (3)  the  Loess,  and  (4) 
the  Yellow  Loam,  the  last  three  being  included  also  under  the  general 
name  of  Bluflf  Formation. 

Hopkins  held  (and  Dana  approved)  that  the  Port  Hudson  and  over- 
lying beds  were  deposited  when  the  land  was  at  a  lower  level  than 
now,  and  that  the  loess  was  the  accumulation  over  an  old  flood  plain 
of  the  Mississippi,  as  suggested  by  Lyell.  The  drift  itself,  however, 
he  conceived  to  be  due  to  the  agency  of  icebergs  in  a  sea  at  least  1,159 
feet  deep  in  the  Ohio  Valley.  To  this  last  view  Dana,  of  course, 
objected. 

In  1872  the  subject  of  the  formation  of  the  great  features  of  the 
earth's  surface,  including,  of  course,  the  formation  of  mountains,  was 
brought  up  once  more  by  Joseph  Le  Conte,  then  professor  of  geology 

and  natural  history  in  the  Universitv  of  California. 

Le  Conte*s  Ideas  on  i?        ^'    i        •      ^i        a  •         "  t  y      e  ^• 

Monnuin Making.     In  a  scrics  of  articles  m  the  American  Journal  of  Ni- 

1872. 

ence  for  this  year  he  reviewed  the  ideas  of  Huinlwldt 
and  others;  discussed  the  probable  condition  of  the  earth's  interior, 
whether  fluidal  or  otherwise;  and  announced  himself  as  convinced  that 
the  whole  theory  of  igneous  agencies,  Nvhich  formed  the  foundation  of 
theoretic  geology,  should  he  reconstructed  on  the  basis  of  a  solid 
earth. 

On  the  assumption  that  such  an  earth  would  be  not  homogeneous, 
but  that  somcMinMis  would  possess  greater  conductivity  than  others 
and  would,  Iherefoiv,  cool  and  contract  more  rapidly  in  a  r.idial  direc- 
tion, he  afhrnicd  that  the  present  sea  bottoms  represented  the  areas 
of  most,  and  the  continents  and  mountaui  ranges  those  of  less,  rapid 
cooling  and  contiaction.  This  he  felt  was  borne  out  by  the  researche.^ 
of  pliysicists  who  had  shown  that  the  continental  masses  were  less 
dense  than  su})oceanic  matter. 

To  him  the  cooling  earth  might  be  regarded  as  composed  of  concen- 
tric isothermal  shells,  each  cooling  by  conduction.  The  exterior  heinj: 
the  first  to  cool  and  solidify,  would,  through  the  shrinking  awuv  <>f 
the  still  cooling  interior,  become  subjected  to  powerful  horizontal 
pressure  or  thrust,  which  as  time  W(»nt  on  would  find  relief  in  the 
diiection  of  h»ast  resistance  (i.  e.,  upward)  and  along  lines  of  weakness. 
It  was,  however,  his  idea  that  this  yielding  was  not  by  upbendinginto 
an  arch,  but  by  a  niaslii  rigor  crushing  together  horizontallj'  like  doujrh 
or  plastic  clay,  with  nioi'e  or  less  folding  of  the  strata  and  an  upswell- 
ing  or  thickening  of  the  whole  s(|ueez<»d  mass. 
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He  showed  that,  were  a  mass  of  sediments  10,000  feet  in  thickness 
ibjected  to  horizontal  pressure  and  crushing  sufficient  to  develop 
ell-marked  cleavage  structure,  a  breadth  of  2i^  miles  would  be  crushed 
to  1  mile,  and  10,000  feet  thickness  would  be  swelled  to  25,000,  mak- 
g  an  actual  elevation  of  the  surface  of  15,000  feet.  He,  therefore. 
It  justified  in  asserting  that  the  phenomena  of  plication  and  of  slaty 
eav^age demonstrated  a  crushing  together  horizontally  and  an  upswell- 
gof  the  whole  mass  of  sediments,  the  upswellingproduoxjd  b^^  this  cause 
one  being  sufficient  to  account  for  the  elevation  of  the  greatest  moun- 
dn  chains. 
Hall's  theory,  previously  noted  (p.  499),  he  regarded  as  wholly  failing 

>  explain  the  actual  process  by  which  the  chains  had  been  formed; 
id,  taking  into  account  the  breadth  of  the  Appalachians  (at  least  100 
iles),  he  showed  that  the  gentleness  of  the  supposed  convex  curve  of 
all  would  not  produce  the  amount  of  crushing  necessary  for  the  for- 
atioii  of  the  immense  plication. 

Moreover,  he  pointed  out  the  fact  that  sedimentation  and  subsidence 
ere  goinjj  on  together,  and,  therefore,  that  the  upper  surface  was 
:obably  never  convex  at  all,  but  nearly  or  (|uite  horizontal  all  the 
lie.  Subsidence  under  such  conditions  might  produce  horizontal 
nsion  or  stretching  of  the  lower  sti*ata,  but  could  not  produce  the 
ashing  and  plication  of  the  upper. 

To  Whitney's  idea  that  plication  was  the  result  of  the  subsidtnice  of 
mountain  axis  he  likewise  took  exception,  and  contended  that  chains 
id  ranges  were,  beyond  question,  produced  by  horizontal  thrust, 
xishing  together  the  whole  rock  mass  and  swelling  it  up  vertically, 
lis  thrust  being  the  necessary  result  of  secular  contraction  of  the  intc- 
orof  the  earth.  In  other  words,  "'mountain  chains  are  fonncd  by 
18  mashing  together  and  upswelling  of  sea  bottoms  where  immense 
licknesses  of  sediments  have  accumulated,  and  as  the  greatest  accu- 
ulations  usually  take  place  off  the  shores  of  continents  mountains  are 
dually  formed  by  the  uppressing  of  marginal  sea  bottoms."  The  sub- 
arine  ridsresand  hollows  shown  bv  the  soundings  of  the  Coast  Survev 

>  exist  along  the  course  of  the  Gulf  stream,  extending  from  the  point 
f  Florida  to  the  coast  of  New  England,  he  felt  might  be  true  subma- 
ne  mountain  ranges  now  in  course  of  formation  by  the  processes 
ready  described. 

Referring  to  the  subject  of  metamorphism  of  rocks,  as  shown  in 
lountain  chains,  he  argued  as  follows:  Supposing  sediments  accumu- 
ting  along  the. shores  of  a  continent.  The  first  effect  is  lithification, 
id,  therefore,  increasing  density,  causing  contraction  and  subsidence 
ari  pa^fHu  with  the  deposit.  Next,  if  the  sedimentation  continue, 
jueo-igneous  softening  or  even  melting  would  follow,  not  only  of  the 
>wer  portions  of  the  sediments  themselves,  but  of  the  underlying  strata 


560  BEPr>RT   OF    NATIONAL   XUSETX,  19IM. 

upon  wbir*h  tbey  wf  re  depr>sited.  Finally,  this  SMyftening  would  be 
iiuSi'tfnt  to  (.-Huse  a  yielding'  to  borizontal  pressure  along  the  line,  and 
a  Cf>n.*«e4{uent  upswelling  of  the  line  into  a  cbain.  Even  the  granitic 
axe.s  of  mountain  i*anges  might,  be  thought,  in  mr»st  ca.ses  l>e  but  the 
lowennost.  and.  therefore,  most  highly  metamorphosed  portions  of  the 
srjueezed  mass,  exiK>sed  by  erosion. 

He  agreed  with  Richthofen  and  Whitney  tfiat  the  great  masses  of 
lava,  often  constituting  the  chief  bulk  of  mountain  chains,  had  not 
come  from  craters  but  from  fissure  eruptions,  and  that  volcanoes  are 
themselves  only  secondary'  phenom(*na.  produced  by  the  access  of 
meteoric  water  to  the  still  hot  interior  portions.  He  did  not.  how- 
ever, agree  with  them  in  assuming  that  this  liuidal  mass  was  a  |>art  of 
a  universsilly  incandescent  liquid  interior,  but  rather  a  submouutain 
reservoir  locally  formed.  He  felt  that  this  theorv.  while  not  dependent 
ujKni,  was  jKnverfully  supported  by.  the  views  of  Rose,  Bischoff.  and 
others  as  to  the  m<*tamorphic  origin  of  granite  and  other  igneous 
rocks,  a  view  which  regarded  the  surface  materials  as  having  passed 
by  perpetual  cycles  through  all  the  stages  of  rocks  and  soils — igneous 
rocks  disintegrated  to  soils  carried  away  and  deposited  as  sediments: 
consolidated  into  stratified  rocks;  metamorphosed  into  gneiss^  granite, 
or  (?ven  lavas;  to  Ik*  again,  after  eruption,  reconverted  into  soils,  and 
recommence  the  sjune  eternal  round. 

In  furthcniiicc  of  thes(»  same  views,  Le  Conte  in  1870  jrave.  in  the 
Americjiii  Journal  of  Science.  th<'  results  of  observations  made  in  the 
Coast  Ranj_'-e  Mountains  of  (California  along  the  lino  of  the  Central 
Paciiic  Railroad,  lie  found  the  largely  unaltered  rocks  here  thrown 
into  a  series  of  anticlines  and  synelines  witii  angles  of  di|)  varving 
from  <».'>  to  T<>  .  From  this  he  estimated  that  the  oriirinal  matter  as 
(lej)o>ite(l  on  a  sea  bottom  must,  in  the  building  of  the  range,  have 
l)(M*n  (•ru>ilied  from  a  bi'eadth  oi*  width  of  ir»  to  18  miles  into  6 
miles,  witii  a  eori'esixmding  ii|)>w(»lling  of  th(»  whohMuass.  In  ISTS 
Le  ('onte  liad  anotiier  j)a|)er  in  tin*  same  journal  on  t lie  same  siil>- 
ject,  in  which  lie  argued  tiiat  mountain  ranges  are  always  formed  hy 
iiori/ontal  [)i'e>snre.  and  tiiat  tiiis  pivssui'e  on  a  large  scale  could  be 
|)i()(hiced  only  bv  the  interior  contraction  of  th(»  eai'th.  To  overconif 
tile  ohjiM'lions  raised  hy  some  to  this  theory  to  the  etl*e(;t  that  interior 
contraction  coid<l  not  concenti'ate  its  manifest  results  along  certain 
lines  without  >uch  a  sli])|)ing  and  shearing  as  is  impossible  in  a  solid 
eai'tli,  he  conceived  tiie  [)i*esence  of  a  M)lid  micleus  and  a  solid  crii>t 
>e|>a!T{itcd  i)\  a  /one  of  fused  or  semifused  matter.  To  an  objection 
that  contraction  based  upon  siii'inkage  alone  was  inadeijuate  to  pn>- 
ducc  the  evident  results,  he  ar<»iu'd  that  there  miirht  be  other  cause?^ 
sucli  as  lo>N  of  water  in  form  of  yaj)or  by  yol<*anic  action,  and  still 
odii'Vs  <<)ncefnin<'- vv  hicli  as  yet  notliinjjf  was  kno^vn.  His  theorv  of 
(H'i}:iiK  a>  he  here  suuwwvhV  \V  \\\k  vvnvs\sVv^v\  v.A  vVwvh*  stages:  (1)  A  stagi' 
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[  preparation  by  sedimentation;  (2)  a  stago  of  yielding  by  horizontal 
reasure;  and  (3)  a  etage  of  (erosion  or  mountain  deuiy. 
Le  Conte  was  born  in  Liberty  County,  Geor{fia,  February  -iti,  18*23, 
■ndgrew  to  inanbood  under  influences  of  ea.su  and  «njoymont  such  aM 
uve  fallen  to  the  lot  of  few  American  geologitit».     Eklncat«d  as  a 

physician,  he  early  gave  up  practice  and  in  1S5(I  re- 
ihMch  Hi  La  Conta.    movcd  to  Cambridge,  in  Massachusetts,  to  Iwcomc  a 

student  of  Agassiz.  In  lasts  than  two  j'ears  he.  how- 
ever, returned  to  Georgia,  whcR'  lie  became  profcasor  of  niituml 
Hcience  at  Oglethorpe  University.  Hih  stay  here  was  brief.  In 
December,  1852,  be  became  attached  to  the  I'niversity  of  (ieorgia,  at 
Athens,  and,  in  185)1,  professor  of  cliemistry  and  geology  la  South 
Otrolina  College,  at  Columbia.  Here  he  remained,  enduring  the  vici.s- 
ntudes  of  the  civil  war,  bnt  al«indoued  his  beloved  South  in  is6it  (at 
a  period  when  men  of  his  type  were  m<ist  needed)  to  lieeome  professor 
of  geology,  zoology,  and  lK>tany  in  the  I'ni- 
rersity  of  California,  at  Berkeley,  Here 
he  remained  until  his  death,  in  l!t02. 

In  1866  E.  W.  Hilgard,  at  the  suj^jeation 
of  Professor  Henry,  of  the  Smithsonian 
Institution,  visited  tlie  salt  deposits  of  Petite 

Islands  and   published  the 

results  of  his  observations 

in  the  SmiUisonian  (>>ntn- 
tXitions  to  Knowledge  in  1872,  under  the 
itie  On  the  (leology  of  Ij<<wer  Louisimui 
■od  the  Salt  Deposits  of  Petite  Anse. 

Ah  was  to  be  expected,  Hilgard  ditfen-d 
ompletely  with  ThoniHssy,  whose  work  has 
©en  noted,  and  who,  it  will  be  remembi^i'ed. 

Kgarded  the  island  as  of  volcanic  origin.  On  thecontnirv,  the  ishind, 
ud  others  of  the  group,  were  regarded  as  Cretaeeoii!*  outliers,  with 
ftppings  of  drift  and  other  alluvial  matter,  the  salt  In-ds  them>ielves 
eing  of  Cretaceous  age. 

Both  Hilgard  and  Thomassy  believed  the  sand  and  shingle  detritus 
overing  a  large  portion  of  the  States  bonlering  on  the  lower  Missis- 
ippi  was  due  to  a  great  flood,  which  might  have  resulted  from  the  nipid 
lelting  of  the  northern  glaciers.  Kcferrinit  to  the  Iwlief  exjiii-ssed 
■y  some  of  the  western  geologists  to  the  effect  that  the  niuiii  body  of 
he  drift  was  due  to  floating  iccl)ergs  on  an  iidiind  sen.  Hilgard  c<m- 
«ived  its  northern  limits  to  have  Iwen  tixed  by  the  ice  barriers. 
Coward  the  east,  southeast,  and  southwest  it  would  be  defined  by  the 
\llegheny,  Cumlierland.  and  Ozark  ninges.  the  nmin  outlet  lying, 
loubtless.  in  the  axis  of  the  Mississippi  Valley,  the  gap  iretween  the 
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Ozark  and  Cumberland  highlands  not  having  been  eroded  to  its  pre.sent 
level. 

A  sudden  break  in  the  lower  portion  of  the  barriers  would,  he  1 
argued,  produce  the  phenomena  ad  now  observed,  namely,  the  action  I 
of  violent  currents  plowing  up  and  redepositing  the  material  of  the 
more  ancient  formations,  carrying  down  in  the  main  channel  rocks 
of  high  northern  derivation,  restratifying  and  otherwise  modifying 
toward  the  end  a  good  portion  of  the  iceberg  drift  and,  as  the  current 
diminished,  covering  over  the  coarse  material  with  the  Orange  sand. 

In  1873  \V.  C.  Kerr,  State  geologist  of  North  Carolina,  published 
in  the  Proceedings  of  the  American  Philosophical  Society  a  brief  but 
suggestive  paper  on  the  possible  influence  of  the  earth's  rotation  on 

the  deflection  of  rivers.  He  called  attention  to  a  fact 
Effects  of  Earth's      SO  obvious  as  to  havc  been  evident  to  the  comnion 

people  of  that  State,  that  in  both  the  Carolinas  the 
eastward  flowing  rivers  always  presented  high  banks  and  bluffs  on  the 
south  side  and  low  plains  and  swamps  on  the  north;  also  to  the  fact, 
owing  to  these  topographical  conditions,  that  the  large  towns  and  main 
roads  were  alwavs  on  the  south  side  also. 

In  seeking  for  a  cause  for  this  Kerr  rejected  the  slow  subsidence 
theory  of  Tuomey,  and  suggested  that  it  was  due  rather  to  the  i-otation 
of  the  earth,  coacting  with  the  force  of  the  river  currents,. and  called 
in  to  sustain  his  opinions  the  law  of  motions  as  developed  by  Prof. 
W.  Ferrel: 

In  whatever  direction  a  body  moves  on  the  f^iirfaee  of  the  earth  there  is  a  iorve 
arisinjr  from  the  earth's  rotation  wJiich  defieets  it  to  the  right  in  the  northern,  hut 
to  the  left  in  the  nouthern  heniispliere. 

Whether  or  not  the  applinition  of  this  principle  was  original  with 
Kerr,  it  is  of  course  inipossiblo  to  say.     This,  however,  seems  to  have  ] 
hoou  its  lirst  aj)[)lic-ation  in  America,  though  von  Baer  had  sngofcsted 
as  early  as  1S0()  like  results  in  the  case  of  north  and  south  flowing 
rivers,  as  tlie  Irtisch  and  the  Volga  of  Kussia. 

Kerr's  tinal  n^port  on  the  geology  of  North  Carolina,  although  pre- 
sented in  ISTo,  was  not  printed  until  1875,  owing  to  the  ])arsimonioiis  ^ 
action  of  the  State  legislature,  the  public  printer  being  allowed  tinall.v 

to  set  it  up  only   luider  condition   that   the  work  ^^ 

Kerr's  Work  In  North    i  •       •     *  *i         ir       i.i  i  4.1         i  J   ,.„ 

Carolina,  1870  (lon(^   Ml  uitcrvals  of  otiicr  work  on  the  laws,  docu- 

inents,  supreme  court  reports,  etc. 
The  rej)()rt  was  aceonipaniecl  by  a  colored  geological  map  and  three 
(•olonnl  sections.     Th(»  classification  of  the  rocks  adopted  was  as  sho«'n 
on  uvxt  page. 
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PROGRE8SIVB  THEORETICAL   VIEW. 


The  following  scheme  exhibits  the  progress  of  theoretical  notions  whic^h  have 
obtained  at  different  times  with  regard  to  the  classification  of  the  formations — the 
and  horizon  of  the  rocks  in  the  State: 


Mitchell.  1842. 


Tertiarv 


8econ<lary 
Transition 
Primitive. 


EmmoDs,  1856. 


Present,  1875. 


Quatemar>\ 


Post- Pliocene 

MiS:::::::::::::;::;:::hoceue.L,^.^,y. 

[Eocene" i  Eocene.    J 

f  Cretaceous I  Cretaceous. 


Tertiarv . 


l?=;::-::::::;::::::::::::::::::::}T"-e- 
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«  ALso  partly  Quaternary  and  partly  Cretaceous. 

This  report  gave  a  very  fair  summary  of  the  knowledge  of  the 
geology  of  North  Carolina  up  to  date.  The  thin  gravels  overlying 
the  eroded  surfaces  of  the  Ek)cene,  Miocene,  and  Cretaceous  in  the 
eastern  part  of  the  State  were  regarded  as  of  glacial  origin,  the  under- 
lying rock  being  planed  down  by  the  currents  and  drifting  ice  which 
brought  the  bowlders  from  the  Archean  hills  of  Chatham.  This  idea 
is  not,  however,  generally  accepted,  North  Carolina  being  now  uni- 
versally recognized  as  far  south  of  the  glacial  limit. 

The  gold-bearing  gravels  were  looked  upon  as  beds  of  till  which  had 
crept  down  the  declivities  of  the  hills  and  mountains,  as  glaciers 
descend  Alpine  valleys  by  successive  freezing  and  thawing  of  the 
whole  water-saturated  mass,  both  gravitation  and  the  expansion  of 
freezing  contributing  to  the  downward  movement.  This  is  evidently 
the  same  idea  as  that  later  advanced  by  1.  C.  Russell  in  his  description 
of  the  debris  streams  of  Alaska. 

Appendices  attached  contained  a  list  and  descriptions  of  the  new 
genera  and  species  of  fossil  shells,  by  T.  A.  Conrad,  and  the  minerals 
of  the  State,  by  F.  A.  Genth.  A  chapter  on  corundum  and  its  asso- 
ciated rocks,  by  C.  D.  Smith,  is  mainly  of  interest  from  the  fact  that 
^mith  regarded  the  chrysolitic  rocks  as  of  igneous  origin,  a  conclusion 
vrhich  for  sometime  was  disputed,  but  to  which  later  workers  have 
returned. 

Kerr  was  of  Scotch-Irish  descent,  though  born  in  North  Carolina. 
His  parents  dying  while  he  was  quite  young,  he  was  adopted  by  a 
Rev.  Dr.  Caruthers,  a  Presbyterian  minister,  under  whose  instruction 
he  was  fitted  for  the  State  University  at  Chapel  Hill,  where  ho  gnidu- 
ated  in  1850  with  highest  honors.  After  graduation  he  taught  sc-t\ocvV 
for  a  while  at  WiUiainstown  in  his  native  State,  viiitAV  ^Xe-cXfedi  Vm  'sx  v:<^- 
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ft'SMomhip  in  Marshall  University.  Texas.  This  position  he  resigned 
in  IHaii  to  accept  an  appoiatment  as  computer  in  the 
SkMcN  at  Ksrr.  Naut'tcal  Almanac  Office,  then  located  at  Cambridge, 
.Mit-vsachiLsettM.  While  here  he  entered  the  Lawrence 
Scientific  School  and  studied  under  Agassiz,  Gray,  and  the  chemist 
Horwford. 

Ill  1857  he  accept^  a  professorship  at  Davidson  College  in  North 
( 'arolina,  where  hi;  remitined  until  1865,  though  his  active  work  ceasetl 
in  18t>:^,  owing  to  a  fulling  off  in  income  and  students,  incident  to  the 
civil  war.  From  the  latter  jtart  of  1862  to  early  in  186+  he  was  chemist 
and  Hupiirintcndent  of  the  Mecklenburg  Salt  Works,  near  Charleston, 
hut  after  the  destruction  of  the  works,  returned  to 
whore  ho  l>ecanie  nominally  State  geologist  in  1864, 
though  active  work,  owing  to  the  confusion 
and  disorganization  of  war,  did  not  begin 
until  18t;6. 

It  is  safe  to  say  that  few  men  ever  entered 
upon  the  work  of  a  geological  survey  under 
more    unfavorable    auspices.     lie    himself 
had  had  no  extended  experience,  nor  was 
he  a  trained  -specialist.     Little  money  was 
available,  the  industries  of  the  State  [wra- 
lyzed,  iiTiH   her  social  conditions  disorfptr.- 
i/e<l,   if   not  demondized.     The   ."^tatc  Iwii 
never  »  nn)re  genuine  an<l  siigaciou.-ly  jml'- 
lic-spi riled  citizen  tluin  he.  lint  the  tiii"'- 
wcre  evil,  iiud  for  several   veiirs  Pnifcssor 
Kerr  shiired  the  fate  of  ail"  public  officii- 
>  ailjnst,  to  reconcile,  and  to  go  forwm-d.    Hi- 
nted, his  character  assailed,  his  abilities  ijiiw- 
eel.     Yet  in  the  face  of  all  this,  witiiout  jruoJ 
ids.  a  great  work  was  aei-ouipiished. 

t  years  i>f  the  survey  he  traveled,  inuiiilyw 
>ver  iniiuntainous  country,  with  and  witboul 
casoii  <if  1866  and  1867  not  less  than  4,i»"' 
lined  was  from  necossity  largely  in  thi'  natarc 
snliji'cts  of  di'iiinage  and  top(igra|)hy  recfiu'd 
)M.  and  indeed  a  large  jmrt  of  his  work  »*■' 
■;.  Ihiintrli  by  no  means  Unuted  thereto.  .Vjri'i- 
iDurces  were  investigated  and,  so  far  iis  in'-- 
'ans  at  his  coinmund,  advertised.  His  [japcr' 
I  widespread  attention  were  doubtless  [lii>^ 
frost  iin  snjuTticial  materials  and  the  luiciin"! 
,  stream,  due  to  the  earth's  rotation. 
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was  a  man  of  alight  physique,  and  for  the  last  ten  or  fifteen 
'  his  life  suffered  from  catarrh  of  the  digestive' organs.  The 
railftble  were  too  small  to  enable  hiiii  to  employ  permanent 
ts,  either  in  the  iield  or  as  clerk  or  amanuensis.  Under  these 
tances  the  amount  of  work  accomplished  was  (^rtainly 
tble. 

an  exoeedin^Iy  liberal  m&n — a  man  of  f^neroue  temper  and  of  large  views. 
He  was  deeply  KligionH  and  alwaj'H  prominent,  altlinugh  In  an  nnobtnieive 
natters  pertaining  to  the  cbun^h.  Aa  a  Chriatian  gentleman,  those  who 
wn  hiui  best  have  admired  him  mcwt  Hie  heart  waa  wann  and  generous, 
clear,  active,  apd  progressive,  his  conscience  keen  and  inflexible.  He  was 
every  senae  ot  the  word.  There  wax  nolbiiiK  <>f  pulit^y  in  hiit  thought 
;  on  the  contrary,  be  was  (rank  anil  outspoken,  at  timet)  even  to  a  fault. 
) 

73  the  legislature  of  Alahania  passed  an  act  reviving  the  Zur- 
ich had  been  discontinued  after  the  death  of  Profes-^or  Tuoniey, 
and  named  Prof.  Kugene  A.  Smith. 
Tnivprsity  of  Alabanm,  State  geol- 
ogist. This  office  Professor 
,^j'"  Smith  has  contiimed  to  iiold 
down  to  the  present  time, 
nd  including  18Ki)  he  hiid  made  five 
Tlicse  were  given  up  mainly  to  a 
an  of  the  geogmphic  distribution  of 
ous  formations  comprised  within  the 
nite,  with  extensive  notes  regarding 
lomie  possibilities  of  coal,  iron,  and 
inerals  of  lese  importance. 
3  report  for  is75-it!  he  treated  of 
logy  of  Jones  Valley  imd  the  Coosa 
•ogion  and  announced  the  practical 
of  the  formations  there  found  with  those  dest^ri^>ed  hy  Pro- 
afford  in  Tennessee,  recognizing  the  Ocoee,  Chilhowee,  Knox 
le.  shale  and  dolomite,  and  Lower  and  Upper  Qirhonifcrous. 
3  of  1877,  1«7H,  and  1H7II  special  reference  was  nnide  to  the 
r  coal  fields  and  their  prol>able  value.  Several  colored  county 
are  given,  but  no  geological  map  of  the  entire  State. 
■  spring  of  1873  there  was  organized  a  second  geological  suney 
tucky,  with  N.  S.  Shaler,  then  professor  of  puioontology  at 
1,  chief  geologist  and  director,  and  A.  K.  Ctitndall,  P.  N. 
Moore,  C.  J.  Norwood,  and  .1.  K.  Proctor,  iissistantn. 
ieotasky.  Dr.  Kobert  Peter  served  as  cheml-*t.  The  organiza- 
tion continued  aa  above  until  ISsn,  when  J.  R.  Prot^tor 
;d  to  the  directorship  through  the  resignation  and  i-ecominenda- 
Professor  Shaler,  the  survey  coming  finally  to  a  dw&  \\\  \ittiV, 


666 


BEPOKT   OF   NATIONAL   MPSEPM, 


V\y  to  IK80  five  reportj^  of  progress  were  issued,  dealing  Diainly  witb 

economic  problems. 

The  plateau  country  drained  bj  the  Colorado  River  offers  facilitiei) 

for  the  study  of  geological  problems  such  aa  are,  perhaps,  equaled 

nowhere  else  in  the  world.     This  is  especially  true  with  reference  to 

^^,  problems  relating  to  atratigraphic  .succession,  of  uplift 

ofthtarudCBByini,  with  a  minimum  amount  of  contortion  of  the  lietKand 
IU9.I874.  .  ■  ^,  .  .     , 

of  erosion.     Ibe  plateau  nature  of  the  country  wan 

recognized  by  Nowberry  while  witb  the  lve«  expedition  in  18tW.  and 

by  Blake  in  connection  with  the  Puoilic  Railroad  surveys  in  1850.    Il 

remained,  however,  for  Powell,  Gilbert,  aud  Dutton  to  tirnt  brinpout 

the  salient  features  of  the  geology  of  the  region  and  to  work  out  tbe 

problems  in  a  way  that,  to  quot«  the  words  of  Emmons",  lias  foruKd 

the  starting  point  of  modern  physi™]  geography. 


In  the  summer  of  ISIiil,  .1 


Powell,  a  retired  officer  of  the  Federal 
A  nny,  made  a  boat  trip  down  the  Colorado, 
starting  from  Green  RiverCity  on  the  Union 
Pacific  Railroad  May^.and  emerging  from 
the  mouth  of  the  Black  Canyon,  nearly  Hoil 
miles  Iwiow,  on  August  30  following— a 
journey  that,  to  i|Uote  P^mmons  itgain,  "i> 
nnei^naled  in  the  annals  of  geogi-upbiiitl 
cxplonitioii  for  the  coiimgc  and  ibuinj.Mli'^- 
played  in  its  execution." 

In  Ills  reports  on  these  cxploi-ntinns.' 
which  wen-  made  and  published  under  diiw- 
lion  iif  tbi'  Smithsonian  Institution.  I'liwpjl 
eiiMeil  attention  to  tiic  f;ict  that  the  eaiiyori. 
!i  re  gorges  of  corrosion  and  duo  to  the  in'tioii 
of  tile  rivi-r  upon  tbe  rocks,  which  wtp 
undergoing  ii  gimluiil  elevation.  As  he  expressed  it,  the  river  pri'- 
scrvcd  its  level,  but  llie  moniitnins  were  lifted  up;  as  the  saw  revcihvs 
on  a  tixcd  pivot  while  the  tog  through  which  it  cuts  is  moved  alorijr. 
The  river  wii>.  the  saw  wbieh  cut  the  mountain  in  two.  This  is  esst'n- 
tiiilly  the  iilen  iiiiviuiced  by  lluyden  in  ISTrJiri  his  report  on  thegooli^;y 
of  Montiina. 

In  this  report  I'owcll  first  made  u.se  of  the  expressions  of  imlcfili'^ 
and  •■•iiixiij"- ht  vjiilevs.  meaning  in  the  lirst  iustame  that  the  drains^ 
W!is  esliiMislied  jirior  or  antecedent  to  the  corrugation  of  the  beds  liv 
fiudtnitr  iiiid  f.ildiiig;  and  in  the  second  case,  that  the  valleys  bavf 
(lireelions  wiiich  arede]iendcnt  upon  thecorrngations.  Valleys  whirh 
were  formed  by  streams,  tlie  present  cimrses   of  which  were  di'tpr- 
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ed  by  coDditions  not  found  in  the  rocks  through  which  the  chan- 
are  now  carved,  but  which  wore   in  existence  when  the  district 
appeared  above  sea  level,  he  called  mqperhnposed  valleys. 
I  this  same  report,  too,  Powell  made  use  for  the'tirst  time  of  the 
n  hose  level  of  erosion ^  which  he  defined  as — 

naginary  Rur&u^e  inclining  nlightly  iu  all  its  ])art8  toward  the  eud  of  the  prin- 
streani  draining  the  area  through  which  the  level  is  supposed  to  extend,  or 
ijjjthe  inclination  of  its  jiarts  varied  in  direction  as  detennined  by  tiibutarj' 
uis. 

!e  pointed  out,  further,  that  the  region  of  the  Grand  Canyon  was 
rail  a  region  of  lesser  mther  than  greater  erosion;  that  had  the 
itry  been  favored  with  a  rainfall  equal  to  that  of  the  Appalachian 
itry,  the  entire  area  might  have  been  reduced  to  a  base  level  which 
Id  be  the  level  of  the  sea,  though  the  evidence  of  such  erosion 
ht  bt»  almost  wholly  obliterated. 

P.  Lesley,  writing  in  1874  on  the  iron  ores  of  Spruce  Creek, 
rriors  Mark  Run,  and  Half  Moon  River,  in  Huntingdon  and  Cen- 
'ountics,  Pennsylvania,  took  the  ground  that  they  were  residual 
deposits  from  the  decomposition  of  ferriferous  Lower 
ind Denudatioa, Silurian  beds,  which  were  atone  time  ])uned  beneath 
more  than  16,0<)0  feet  of  Tpper  Silurian.  Devonian, 
Ciirboniferous  rocks,  and  had  been  subsequently  exposed  through 
»m|K)sition  and  erosion. 

the  en<l  of  the  <*oal  era  the  Middle  States  rose  from  the  waves.  *  *  *  The 
)  of  the  Bellefonte  fault  stood  wa  a  mountain  range  as  high  as  the  Alps,  and  the 
3  of  some  of  the  great  anticlinals  of  Pennsylvania  must  have  forme<l  plateaus 
as  high  as  Tibet  and  B(N)tan  an*  now. 

Dsion  commence  and  has  contiime<l  through  the  Permian,  Jurassic,  Cretaceous, 
Tertiary  ag<»s  to  the  present  day,  and  still  goes  on.  The  high  plateau  was 
lally  worn  down  to  the  prtvent  surface.  Mountains  once  30,000  or  40,000  feet 
are  now  but  2,000  or  8,000  above  sea  level. 

ivh  extreme  views  as  to  the  possible  height  of  mountain  ninges 

equaled  among  modern  geologists  only  by  those  of  Clarence  King 

512). 

I  1874  N.  H.  Winchell  accompanied,  as  geologist,  the  party  headed 

)apt.  W.  Ludlow  to  the  Black  Hills  of  Dakota.     His  report,  ap{)ear- 

in  1875,  occupied  pages  21   to  60  of   the  (juarto  volume  is.su(Ml, 

and  was  accompanied  by  a  geological  map.  Winchell 
l!^*Hii^874.  recognized   the   occurrence  of  Cretac(»ous,  Jui'assic, 

Triassic,  Carboniferous,  and  Silurian  (Potsdam)  rocks, 
lying  schists  and  slates,  into  and  through  which  granite  had  ])een 
ided.  He  agreed  in  the  main  with  Hayden's  observations,  as 
n  in  his  Second  Annual  Report  (186S),  though  he  failed  to  find 
ence  of  the  unbroken  conformabilitv  of  the  fossiliferous  forma- 
>.  On  the  contrary,  he  UKMitionod  the  Red  Beds  as  lying  uncou- 
lably  on  the  Car^Hmihn'ous  limestone. 
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(ffor^f'  KH  ^#rinn«p-U  atf^nompantf^i  thp^  expedidoo  in  the  capacity  of 
fialf'^*ntok>$ri^t,  though  ih*^  n-srw  ?»petne*  of  invertebrate  focis^ils  fouod 
i  /'/4<y*/>  y>^//>'/>/>//A'>.  T<f'^ff'ft*ihi  hrfrr^a^  and  LiMj^ilrpU  primsefi/rmiit) 
mfTf  flf-^riypf^l  ^fifi  rigniv^  St  R.  P.  Whitlield. 

T>*^-  pr^-M^rif:*^  of  narneroa-  Kand»  of  proepectors  on  the  IndiaD  res- 
ervation.'- of  trie  Black  HilU.  led  there  by  the  reported  finding  of  gold 
Irr  ('inter'-  and  rather  expedition.^,  emoted  the  Xational  Government, 

in  1  *^7.>.  to  ??end  "  trusty  persons"  to esuimine  the  region 
M«wtMitaitiM  and  rerif^rt  to  the  Seeretarv  of  the  Interior,  in  order 

tfiat  a  proper  lja»i>  might  be  secured  for  future  nego- 
tiation?*  with  the  Indians.  The  Ux-ality  being  then  comprised  in  the 
Sioux  Indian  res^*rvation.  immediate  direction  of  affairs  was  put  in 
the  hand<4  of  the  Indian  Bureau.  Under  this  authorization  W.  P. 
Jenny  wa?»  apfK»inted  to  undertake  the  work,  with  Henry  Newton  as 
aH*<i'4tant.  The  jmrty  entered  the  region  on  the  3d  of  June,  some  400 
strong.  »  hirg*'  military  guard  l>eing  esteemed  necessary  on  account 
of  th**  manifest  discontent  of  the  Indians,  and  returned  to  Fort  Laramie 
on  OctolK^r  14,  after  an  a^>sence  of  four  months  and  twenty  da^s.  A 
prr*limifiarv  re[K)rt  on  the  mineral  resources  of  the  Hills,  accompanied 
hy  a  map  hy  V.  T.  Mc(i  illy  cuddy,  the  topographer,  was  submitted  by 
i\lr.  •li'iiny  and  published  in  the  reix)rt  of  the  Commissioner  of  Indian 
AlFairH  for  isVf.  The  complete  report  on  the  mineral  resources,  oil- 
fnjit<'.  <•!<•..  with  a  ])n'limiiiary  map,  was  published  in  the  form  of  an 
octjivo  pnrnplilrt  of  71  pages  in  ls70,  and  the  tinal  Koportoii  the  Geol- 
(>|/y  and  Kcsoinccs  of  the  Hlack  Hills  of  Dakota,  in  form  of  a  (juarto 
volimii' of  ^iO\  \m<si*s,  with  large  folio  atlas,  in  ISISO.  This  included. 
hIso.  iIm'  previous  reports  on  the  inin(M"al  resources,  noted  above.  Un- 
foilmiMtcIv,  Doctoi*  Newton,  to  whom  was  left  the  mMieral  ireoloin*  of 
the  region,  (lied  hd'ore  his  n^port  was  fully  prepared  for  the  press. the 
\Noil\  iM'in*^-  nhly  edited  by  (J.  K.  (lin)ert,  and  the  volume  issued  as 
one  of  the  nionoei'Mphs  of  the  Powell  survey. 

The  niack  llill>  region,  it  will  ])e  remembered,  had  alreadv  i)een 
touched  uj)oTi  and  fiagUKMitaiy  surveys  made  by  numerous  partie?. 
includiuii  Dr.  John  Kvnns  in  1SM>  and  bs5.3,  Thaddeus  C\iU)ortsoniD 
Is.jO.  Meidv  and  llayden  in  isr);^,  and  Hayden.  with  the  militnrv  expe- 
dition^ of  Harvey  and  WarnMi  in  is;).')  and  ISoT,  and  with  Captain 
Ka\  nol(N  in  \sy.K  llayiien  again  visited  the  region  under  the  auspices 
of  tlu^  IMiiladelphia  Academy  in  l.s()t>,  and  N.  II.  Wincholl  with  Custer's 
expedition  in  1nT<>.  a"<  just  noted.  Cnderall  these  conditions  it  isdif- 
licult  to  (»Ntiniat(^  tlu*  \alue  {"*(  the  work  of  Newton.  Much  that  I* 
stated  in  hi^  n^port  ha^i  already  been  made  known  by  x\\v  authorititf 
nuMUioned  al>o\(\  On  tht^  t>th(»r  hand,  much  that  he  miirbt  have  hi' 
in  mind  t(^  sa\   lia^  ne\  cM'  a]>]>eared,  owin^jf  to  his  untimelv  de^ith. 

7Vi<'   Niiinniarx    of    Hlaik    Hills  history,  as   <riven,   shows   an  oldef 
A  i\  ho:ii\  i-onsi>tine  o\'  >\va\v^s  x\\av\  siu\v\>\oYvv^>  v»\v^v  which,  after  an  inter- 
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val  of  erosion  and  metamorphism,  a  newer  Archoan,  consisting  mainly 
of  sandstones,  was  deposited,  accompanied  by  abundant  intrusions  of 
granitic  rock.  Then  followed  the  period  in  which  these  rocks  were 
raised  to  a  nearly  vertical  position,  metamorphosed,  and  deeply  eroded, 
after  which  the  various  Potsdam,  Carboniferous,  Red  Bed,  Jura,  and 
Oretac^eous  deposits  were  conformably  laid  down.  Then  followed  the 
uplift  and  subsequently  the  unconformable  depositions  of  the  White 
Kiver  Tertiaries  upon  their  flanks.  The  date  of  the  uplift  is  therefore 
set  as  the  interval  of  time  between  the  Cretaceous  formation  and  the 
beginning  of  the  Miocene  Tertiary.     (See  under  Hayden,  p.  591.) 

Newton  showed  that  the  drainage  from  the  Black  Hills  was  conse- 
quent— ^that  is,  it  conformed  to  the  dip  of  the  strata.  This  he  con- 
ceived to  be  caused  by  the  streams  having  acquired  their  direction  dur- 
ing the  uplift  of  the  hills,  or  while  they  were  being  laid  bare  by  the 
drainage  of  a  lake.  In  cither  case  the  drainage  is  consequent  upon  the 
uplift.  With  the  rivers — the  Belle  Fourche  and  the  South  Fork  of 
the  Cheyenne — the  case  is  different,  however.     These  cut  across  the 


Pio.  92.— Ideal  erosn-soction  of  the  Black  Hills.    (After  Henry  Newton.) 

The  vertical  «cale  Ih  about  hIx  timcM  tlie  horizontal;  the  dotted  lincH  indicate  the  portion  of  the 
^      uplift  removed  by  erosion;  1,  Archean  slates  and  8chl8t«»;  2,  (iranlte:  3,  I*ots<lam,  resting  unconform- 
'.      ably  on  1  and  2;  4,  C-arboniferous;  5.  Red  Beds,  with  include<l  limestone:  6,  Jura;  7,  Cretju-eous;  8. 
White  River  Tertiary,  resting  unconformably  on  7. 

>    uplifted  strata  in  a  way  to  show  that  the  di-ainage  is  superimposed.     If 
'[    they  existed  prior  to  the  deposition  of  the  Tertiary  sediments  they 
were  completely  blotted  out. 

J-  H.  Caswell  described  the  various  metamoiphic  and  eruptive  rocks 
•:.  collected  by  the  survey,  his  paper  forminjr  the  second  on  the  subject 
X  of  micropetrography  to  appear  from  the  Government  press,  ZirkeFs 
o '  fortieth  parallel  report  (187G)  being  the  first.  The  report  was  accom- 
panied by  two  plates  with  eight  colored  figures  illustrating  micro- 
structure  and  composition,  and  is  of  particular  interest  as  giving  the 
>i;  first  authoritative  account  of  the  occurrence  of  the  rock  phonolite  in 
. .;  the  United  States.  Caswell,  although  one  of  the  first  in  a  new  and 
J:  fascinating  field,  seems  to  have  rest(»d  on  his  laui-els,  content  with  the 
.  j:\one  effort,  his  name  in  geologic  literature  appearing  liere  for  the  first 
^-■^»nd  only  time. 

W.  P.  Jenny,  to  whom  fell  the  economic  work,  reported  gold  oocur- 
.,  >rin||f  (1)  in  veins  of  quartz  traversing  Archean  schists  and  slates*^  (;Z\ 
,  in  slate  mineralized  by  waters  depositing  silica  aud  \yo\\  -^^-xWa^v  V^^  va^ 
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the  conglomerate  foriuing  the  lower  layer  of  the  Pofajdnm  sandi^tonc 
and  derived  from  the  Aivhean  rocks;  (4)  in  trachyte  and  porphyn" 
intruded  at  the  time  of  the  elevation  of  the  bills;  (5)  "  in  deposits  in 
the  slates  and  sedimentary  rocks  produced  by  the  intrusion  of  the  Ini- 
chyte  and  porphyry,"  and  (t!)  "in  placer  gravels  resulting  from  the 
decomposition  and  erosion  of  the  above  formations  in  Tertiary  timft*.'" 
The  quartz  veins  he  did  not  regard  as  "true  tissure  veins,"  bnt.  sk 
they  occurred  filling  tissuresljetween  thelamellte  of  the  Hchists  formed 
in  the  process  of  the  folding,  were  referred  to  as  •*  interlaniinuted 
fissures." 

The  fossils  collected  by  this  expedition  were  worked  up  by  Whit- 
field while  at  Albany  in  lyTU. 

Under  act  approved  March  IH,  187;^.  ii  geological  survey  of  Wiseoii- 
uin  was  authorized,  and  T.  A.  Ijapham  appoint«d  State  geologist  by  the 
then   acting   governor,   C.    C.    ^\'a9hbnm. 
Owing  to  an  apparent  oversight  on  the  part 
of    Governor     Washburn. 
wfiS^rinfJwSr'  Professor   I^pham's   naiiK 
was.  however,   not  sent  to 
the  senate'  for  approval,  and  an  o}ipoi1  unit y 
tiiei-eby  ottei-ed  for  Governor  \VashliiirnV 
siiecessov.  W.  |{.  Taylor,  to  superst'de  liini 
bv  Itr.  ().  \V.  Wight.      So  far  sis  shown).! 
piililic  nvoi'ds.  the  trurisiictinri  was  piiri'iy 
politinil  UJid  not   at  all  rreditable   to  Uox- 
ernoi- Taylor. 

LiipliaiTi  tlii'iv'fore  servi'd  Imt  two  \ears, 
diirini,'  this  time  rendering  two  rejKtrK 
These  weri'  not  published  indeiKMuletitlv, 
itly  fornied  the  first  tl.T  pages  of  tlie  second  volume  of  tliv 
reiKirts  of  State  geologist,  T.  ( '..  Ciianilji-rliu.  He  was  assisted  by  K.  U 
Irving.  T,  C.  Chiiniberlin.  and  Moses  .'-ilrong.  The  two  repurl'^ 
referred  to  were  iiaiunilly  of  a  preliminary  nature,  designed  to  ferni 
the  basis  foi'  future  work.  lj!ii)fiaat.  jx'rhnpseven  moiv  than  others  af 
his  time,  was  lui  all-roiitul  naturalist-  a  type  not  possilile  in  this  dav 
and  general  iitn.  Meglnning  life  as  a  stonecutter  and  afterwards  a  civil 
engineer,  lie  yet  found  time  to  study  ami  observe  in  nearly  all  bnuifhi's 
of  the  seieiiees,  aTid  this.  too.  witli  remarkable  accuracy.  His  first 
I  nalure  is  said  to  have  Ikvu  prejMired  when  he 
rs  of  age.  and  was  published  in  the  Anierii-an 
or  lf^-2S.  This  cr.ue  an  a.-eount  of  the  geo^.v 
Louisville  and  Slii|.piugport  Canal,  and  was  illn- 
1  geologh'id  sections  of  a  nature  very  eredital'li' 
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paper  o 


.lournal  of  S.-ienc 
ill  the  vicinity  of  I 
tinted  by  a  map 
to  i[  vonlli  of  his  1 
/f/s  bibliojrrapli 
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in  represented  a-s  a  modest,  patient,  and  industrioas  man, 
e  for  the  service  of  others  than  for  iiis  own  afrgrandizement. 
>f  heart  trouble  while  alone  on  a  lake  near  Ocooomowoc, 

I  was  Ruct^eeded,  as  above  noted,  by  O.  W.  Wiffht,  who  served 
tar  (1875).  His  one  report  of  progress  was  not  published  at 
but  was  likewise  included  by  Chamberlin  in  the  second  vol- 
3  tinal  reiKirtH,  IieariiiK  date  of  1H77.  It  contained  matter  of 
r  than  histoiical  intei'est. 

iinry.  Is7l!,  Prof.  T.  0.  Chamberlin  was  placed  in  vhat^of 
*urvey.  The  organization  continued  in  existence  until  ISTlt, 
eports  appearing  in  the  form  of  f6ur  royal  octavo  volumes, 

dated,  respectively.  Vol.  I,  18«3;  Vol.  II.  1S77;  Vol. 
Ism'.' Ill)  lSf^>  '"'<i  Vol.  IV.  1882,  comprising  altogether 

3,035  pages, 
incipal  a^sinitants  on  the  survey 
D.  Ir\'ing,  F.  H.  King,  Moscm 
.  T.  Sweet.  J.  D.  Whitney,  and 
mtcv.  It.  P.  Whitfield  served  as 
>gist.  Aside  from  acting  as  di- 
the  survey.  (,'l!anil)erlin  himself 
rge  of  the  geology  of  eastern 
I,  of  which  he  described  in  con- 
detail  the  hydrology,  the  tsoils. 
ncial  drift.  The  so-called  Kettle 
believed  to  be  in  part  moraines, 
ittle  holes  to  he  due  mainly  to  the 
f  ma-jses  of  ice  buried  in  the  grav- 

liscusricd  the  economical  value  of        i^riin. 

and  shell  marls  of  the  region,  and 

rst  time  in  America  demonstrated  the  usefulness  of  the 
■e  in  examinations  of  detrital  rocks.  In  this  connection  he 
:a  microscopic  examination  of  the  .sand  gmins  of  the  Pots- 
tone  was  entirely  fatal  to  the  view  still  ocutsionully  advanced 
!Ct  that  such  were  produced  by  crystallization  from  solution. 
s  turn,  however,  failed  to  recognize  the  possibility  of  the 
J  form  of  some  of  the  granules  being  due  to  secondary 
•.at  (see  pp.  4<i9  iiiul  553). 

litic  ii-on  ore  lying  l>etween  the  Cincinnati  shales  and  the 
mestone  was  thought  to  be  undoubtedly  a  marine  deposit  laid 
etached  basins.  It  was  shown,  further,  that  the  three  well- 
asses  of  limestone  occurring  in  the  southeastern  counties  of 
1  graded  into  each  other  and  were  doubtless  formed  contem- 
dy,  the  residual  mounds  or  ridges  being  ancient  coral  reefs, 
!  granular  sand  rock  was  formed  ttom  c&\ca.tw>\w.  sam&s. 
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derived  by  wave  action  from  the  reef,  the  compact  strata  l>eing  deeper 
quiet-water  deposits  of  the  same  material. 

Chamberlin  also  investigated  the  ore  deposits  of  the  southeastern 
part  of  the  State,  and  discussed  thoroughly  the  problems  involved  in 
the  origin  of  the  ores,  disagreeing  in  many  minor  points  with  both 
Doctors  Owen  and  Whitney.  The  crevices  in  which  the  ores  occur  he 
l)elieved  to  have  originated  primarily  in  the  folding  of  the  rocks  by 
lateral  pressure.  He  pointed  out  that  the  ore  beds  occur  mainly  m 
basin-like  depressions  and  argued  that  the  ore  material,  originally  in 
solution  in  sea  water,  was  deposited  contemporaneously  with  the  lime- 
stone through  the  action  of  sulphureted  vapors  given  off  by  the 
decomposition  of  organic  matter,  and  that,  after  the  elevation  of  the 
beds  above  sea  level,  percolating  meteoric  waters  oxidized  and  dis- 
solved the  ore  once  more  and  carried  it  into  the  fissures  above  noted, 
where  it  was  the  second  time  precipitated  as  sulphides.  Fourteen- 
hundredths  of  1  per  cent  of  ore  material  disseminated  throughout 
100  feet  in  depth  of  the  ore-bearing  limestone  would,  he  pointed  out, 
be  suftieient  to  have  formed  all  the  deposits  as  they  now  exist.  He 
did  not  agree  with  Whitney  in  assuming  that  the  oceanic  waters  of 
early  geologic  periods  were  richer  in  metallic  salts  than  those  of  'ater 
data,  instancing  in  support  of  his  argument  the  fact  that  the  ore-bearinjr 
bods  were  in  many  cases  really  poorer  in  organic  matter  than  those 
wliich  wore  iionniotalliferous  and  more  ancient.  This  criticism  did  not. 
howovor,  affect  the  gononil  principle  as  laid  down  bv  Whitney.  With 
his  prodocossors  h(»  doubted  tho  probability  of  the  oxistonco  of  work- 
able deposits  of  on*  in  tho  Lower  Magnosian  limestone. 

VolunK*  I  of  tho  roi)()rts  of  this  survey  was  designed  as  a  gononil 
treatise  on  tho  geology  of  tlu*  State,  suited  to  the  wants  of  oxploror>. 
minors,  landown(M*s,  and  manufacturers.  In  this  Chamberlin  stat^^d 
his  belief  that  tho  original  source  of  tho  Keweenawan  copper  ore  wn^ 
th(»  igneous  rooks,  fi'oni  whence  it  has  been  concentrated  throujrh  the 
agonov  of  pornioating  atmospheric  waters.  To  quote  his  own  words 
ho  l)eliovod~ 

First,  tliat  the  inctals,  (•opj>erand  silver,  wore  primitively  constitiu^nts  of  ther(M'k< 
that  wore  inclt<*<l   tn   jjroducc  the  lavas  which  formed  the  trappean  sheets  of  the 
lonnation;    second,  tliat  they  were  hrought  up  and   spread  out,  eomniinpletl  with 
the  molten  rock  material;  tliird,  that  thev  were  chemicallv  extracted  thence  bvittr-      ! 
colatin^  waters  an<l  <M»nc«'nt rated  in  the  ]K)rous  belts  or  fissures  of  the  fnrniati<>n.      ■ 
j;i\in^  rise  to  the  ('xccj)ti(»nally  ricli  di'posits  for  which  the  formation  is  famous;  and     I 
fonrtli.  that  the  surface  disinteu'ration  of  portions  exposed  in  the  latter  i>art  of  the 
IH'rind    yielded   metallic  ingredients  to  tlie  adjat^ent  sea,  from  whence  they  won*      j 
extracted  by  or<;anic  agem'i«'s,  ^ivin^  rise  to  impregnate(^l  sediments,  which,  in  turn, 
throu^ii  sul)sc(jU('nt  concentrations,  j^ave  rise  to  other  copper  and  silver  def>o}»it.s      I 
among  which  are  to  be  reckoned  the  later  metallic  horizons  of  the  I^ke  Superior 
region  and  possibly  elsewhere. 

Siitnnill\\  tho  suhjoot  of  tl\edv\ft  waB  treated  in  considerable  detail. 
Tho  Glacial  period  was  dVvidoA  u\U>  1V/Y^ty«^^  ox  ^\^\V^a^JAs>  e\joch, 
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iplain  or  Lacustrine  epoch,  the  Second  (irlacial  epoch,  inter- 
ial  epoch,  and  first  Glacial  epoch.  This  formal  announcemeut  of 
'act  that  there  had  heen  two  distinct  periods  of  glaciation  was 
made  for  the  first  time,  although  as  noted  on  pajre  4f}3,Prof .  Edward 
icock  had  suggested  its  possibility  as  early  as  1856.  Thi;  law  of 
.ge  Chamberlin  regarded  as  essentially  similar  to  tliat  of  viiK»)Ufi 
4,  in  accordance  with  the  observations  of  Agansiz,  Forbes,  Tyn- 
and  others.  A  later  study  of  Greenland  glaciers  has  caused  him 
ange  his  views  on  this  point. 

:ing,  as  one  of  Chamberlin's  assistants,  dwelt  with  great  detail  on 
.ithol<^u«1  character  of  the  rocks  in  the  regions  surveyed  by 
and  his  reports  are  notable  for  the  beauty  of  the  colored  plates 

of  thin  sections,  which  were  by  far  the  best  that  liad 
555*'  been  prepared  and  published  by  an  American  up  to 

that  date.     He  was  assisted  in  this  part  of  the  work 
.  R.  Van  Hise.     He  also  described  in  some  detail  the  glacial  drift, 
vas  the  first  to  announce  that  the  Kettle 
^  of  central  Wisconsin  was  a  continu- 
erminal  moraine. 

the  thinl  edition  of  his  work  on  Acadian 
ogy,  which  appeared  in  1878,  Dawson 
Tied  once  more  to  a  vigorous  discussion 
le  problems  of  the  ice  age,  and  to 
ter  ^ain  his  opposition  to  the  views 

generally  held  by  American 
ii'«Ac*duii     geologists.      Man}'    of    the 

arguments  used  closely  le- 
<led  those  of  his  former  papers  and  may 
■viewed  here  for  the  last  time.  He  re- 
ad the  phenomena  of  the  Iwiwlder  chiy 
Irift  in  eastern  America  aw  due  to  the 

n  of  local  glaciers,  drift  ice,  and  the  agency  of  cold  northern 
mts.  Against  the  theory  of  an  universal  glacier  he  again  argued 
le  ground  that  such  supposition.'^  were  not  warranted  by  the  facts. 
e  temperate  regions  of  North  America  <'ould  not  be  covered  with 
TQanent  mantle  of  ice  under  existing  conditions  of  solar  nidiution; 
even  if  the  whole  were  elevated  into  a  table-land,  its  breadth 
d  secure  a  suflicient  summer  heat  to  melt  away  the  ice  except 
high  mountain  peaks."  For  the  supposition  that  such  immense 
■tain  chains  existed  and  have  disappeared,  he  found  no  warrant 
ol(^y,  and  for  such  an  "unexampled  astronomical  cause  of  ref rig- 
on"  as  the  earth's  passing  into  a  colder  portion  of  space,  he  found 
/idence  in  astronomy.  Against  Frankland's  idea  that  glaciation 
brought  about  through  a  hijjher  temperature  of  the  sea  atony; 
a  lower  tempenitui'e  of  the  land,  he  inatancet^L  ftie  «jt\»»X.  twWvT 
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condition  of  the  sea,  as  shown  by  the  fossils  of  that  period.  He  ag^reed 
with  Lyell  in  regarding  the  theory  of  the  varying  eccentricity  of  the 
earth  as  expounded  by  CroU  as  insufficient;  moreover,  it  seemed  to  him 
physically  impossible  that  a  sheet  of  ice  such  as  that  supposed  could 
move  over  an  uneven  surface,  striating  it  in  directions  uniform  over  > 
vast  areas  and  often  different  from  the  present  inclination  of  the  • 
surface. 

He  was  further  influenced  in  his  opinion  by  the  work  of  Hopkins, 
who  showed,  apparently,  that  only  the  sliding  motion  of  glacierii 
could  polish  or  erode  rock  surfaces,  and  the  internal  changes  in  their 
mass — the  result  of  weight — could  have  little  or  no  effect.  Glaciers, 
moreover,  he  argued  could  not  have  transported  the  bowlders  great 
distances  and  lodged  them  upon  the  hilltops,  and  the  universal  glacier 
would,  moreover,  have  no  gathering  ground  for  its  materials.  The 
huge  feldspar  ])owlders  from  the  Laurentide  Hills,  stranded  at  Mon- 
treal Mountain  at  a  height  of  600  feet  above  the  sea  and  from  50  to  60 
miles  farther  southwest,  and  which  must  have  come  from  little,  if 
any,  greater  elevation  and  from  a  direction  nearly  at  right  angles  to 
that  of  the  glacial  striae,  were  against  the  ice-sheet  theory,  as  were 
also  the  large  bowlders  scattered  through  the  marine  ^tratitied  clavs 
and  sands,  and  the  occurrence  of  marine  fossils  in  the  lower  part  of 
the  drift,  in  the  true  till  near  Portland  and  Cape  Klizabeth,  Maine,  and 
at  various  points  on  tlie  St.  Lawrence  in  Canada.  In  the  VoA- 
Pliocene  deposits  of  Canada  he*  found  evidence  of  a  gradual  elevation 
from  a  state  of  (Ic^pivssion  which  may  have  amounted  to  more  than 
oOo  feet,  while  only  the  ])owld(U'  clay  represents  the  ]>revit)us  siilxii- 
vision,  and  only  striations  on  the  rocks  indicate  an  ice-clad  condition 
of  the  land.  Both  plant  and  animal  life  indicatt^l  to  hiin  that  th(Mon- 
ditions  of  temperature  of  thc^  sc^a  wtM*e  not  gi'eatly  different  from  thosfe 
of  to-day. 

Keferrin*^  to  the  dii'ection  of  th(^  stria\  he  found  evidence  such  as 
led  him  to  declan^  without  hesitiition  that  their  direction  is  *'froin  the 
ocean  toward  the  interior  against  the  slope  of  the  St.  Lawrence  Val- 
l(»v."  This,  he  felt,  at  once  disposed  of  the  glacial  theory  for  the 
])revailing  set  of  stria*,  since  he  could  not  suppose  a  glacier  to  ineve 
from  the  Atlantic  up  into  the  interior.  On  the  other  hand,  he 
i*e<!ard(Ml  it  as  (Miiinentlv  favorable  to  the  idea  of  ocean  drift.  A 
subsidence  suliicient  to  convert  the  Canadian  plains.  New  York,  ari<l 
New  Entrland  into  a  sea  would,  he  thoui^fht,  cause  the  Arctic  current 
to  pourovcM*  the  LaurtMitide  rocks  on  the*  north  side  of  Lake  Su|XM'ior 
and  Lake  Huron,  cutting  out  the  softer  strata  to  form  thcMr  beds,  and 
drifting  their  materials  to  the  southwest.  The  h)wer  strata  of  the 
current  would  i)e  diverted  through  the  strait  between  the  Adirondacks 
a/)d  Laurentide  Hills,  and,  flowing  over  the  ridge  of  hard  rocks  which 
connects  tJiem  at  the  Thousand  YAawds,  ^ow\d  vvit  out  the  long  hasin.^ 
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Lake  Ontario,  heaping  up  at  the  same  time  in  the  lea  of  the  Lau- 
Qtian  ridge  the  great  mass  of  bowlder  clay  which  intervenes  between 
ike  Ontario  and  Georgian  Bay.  Lake  Erie  and  Lake  Michigan 
ere,  he  argued,  cut  out  by  similar  currents.     At  times  of  obstruction 

currents  which  produced  the  southwest  striations,  while  the  val- 
ys  of  the  Ottawa,  Mohawk,  Lake  Champlain,  and  the  Connecticut 
ere  arms  of  the  sea,  the  currents  would  set  along  these  arms,  pro- 
icing  the  northwest  and  southeast  striations. 

Local  glaciation  might  prevail  in  high  peaks,  but  the  so-called 
loraines  were  to  his  mind  shingle  beaches  and  bars  and  old  coast  lines 
wwled  with  bowlders  and  ozars.  The  fiords  on  the  coast,  like  the 
eep  lateral  valleys  of  mountains,  were  evidences  of  the  action  of 
aves  and  currents  rather  than  those  of  ice. 

The  subsidence  noted  above,  which  would  result  in  converting  the 
lains  of  Canada,  New  York,  and  New  England  into  seas  and  cause 
le  Arctic  current  to  flow  over  the  submerged  area  from  northeast  to 
mthivest,  would  produce  a  current  which  would  move  up  a  slope, 
id  the  ice  which  it  bore  would,  therefore,  tend  to  ground  and  grind 
le  bottoni  as  it  passed  into  shallow  water." 

In  the  first  edition  (1855)  of  Acadian  Geology  the  occurrence  of  the 
bertite  dejwsits  in  the  Lower  Carboniferous  rocks  of  Now  Brunswick 
ceived  considerable  attention.  In  the  discussions  there  given  rolat- 
g  to  their  origin,  he  concludes  that  the  material  belongs  to  the  purest 
triety  of  bituminous  coal,  related  to  the  pitch  coals  or  jets.  He 
imitted,  however,  that  it  had  some  claim  to  be  considered  a  distinct 
ineral  species  intermediate  between  the  coals  and  asphalts.  At  that 
Be  he  regarded  the  deposit  as  having  originated  through  the  deposi- 
>n  of  organic  matter  in  fresh  water,  the  deposit  having  since  been 
iry  singularl}^  distorted  by  mechanical  pressure. 
In  the  second  edition  of  the  work  (1808)  he,  however,  modified  his 
ipressed  opinion,  accepting  the  views  of  more  recent  explorers  like 
itchcx)ck,  Bailey,  and  Hind,  who  had  described  the  deposit  as  a  vein 

»To  su^istantially  these  viewH  Dawson  liekl  to  the  very  last.  In  liis  Ice  Age  in 
sada  (1893)  he  is  found  still  combating  vigorously  the  idea  thiit  all  northern 
iropeand  America  were  covered  by  a  mer  ffe  glace  moving  to  the  southward  and 
tward  to  the  sea,  an<l  which  moved  not  only  stones  and  clay  to  immense  (hstances, 
t  glaciated  and  striate<l  the  whole  surface.  The  glacial  theory  ot"  Agassiz  and 
lers  he  described  as  having  grown  until,  like  the  imaginary  glaciers  themselves,  it 
erspread  the  whole  earth.  He  adopted  rather  what  he  called  the  moderate  view 
8ir  Roderick  Murchiaon  and  Sir  Charles  Lyell,  to  the  effect  ttiat  Pleistocene  suhsi- 
nce  and  refrigeration  produced  a  state  of  our  continents  in  which  the  lower  levels, 
d  at  certain  periods  even  the  tops  of  the  higher  hills,  were  submerged  under  water 
led  every  season  with  heavy  field  ice  formed  on  the  surface  ot  the  sea,  as  at  present 
Smiths  Sound,  and  also  with  abundant  icebergs  derive<l  from  glaciers  descending 
im  unsubmerged  mountain  districts.  The  later  Pliocene,  so  tar  as  Canada  was  con- 
med,  he  considered  to  be  a  [>eriod  of  continental  elevation  and  ^r^iV^ViVx  oV  \^\w- 
jute  climate. 
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tilled  with  bituminous  matter.     The  source  of  the  bituminous  nuitter 
he  supposed  to  be  the  Lower  Carboniferous  shales.     In  his  own  words: 

The  deiKwit  of  the  All>ert  mine  would  thus  l>e  a  vein  or  tisHiire  eon»titutiii)ran 
ant'ient  resiTvoir  of  petroleum  which,  by  the  loss  of  it«  more  volatile  [>art«  and  ixirtial 
oxidation,  ha?  l)een  hanlene<l  into  a  coaly  Hul>stance. 

He  regarded  the  Nova  Scotia  gypsum  >)eds  as  due  to  the  altenition  of 
beds  of  limestone  by  free  sulphuric  acid  poured  into  the  sea  by  springs 
or  streams  issuing  from  the  volcanic  rocks.  In  this  connection  he 
gave  a  highly  interesting  verbal  picture  of  the  condition  of  affairs,  as 
he  imagined  them  to  exist,  at  what  is  now  the  Southern  Hants  and 
Ck)lchester  at  the  time  when  the  marine  limestones  and  gypsums  were 
produced. 

At  this  jwriixl,  then,  all  the  space  l>etween  the  CohequidH  and  the  Kawdon  Hills 
wai?  an  open  arm  of  the  sea,  comnnmicating  with  the  ocean  lx»th  on  the  e:tft  and 
wept.  Alonjr  the  margin  of  tluH  sea  there  wen*  in  yome  places  stony  lieaolu's.  in 
others  low  alluvial  flat^covenxl  with  the  vt*getation  characteristic  <>f  the  Carl>onifvn>ni 
perioil.  In  other  placets  there  were  creeks  and  lagoons  swarming  with  fish.  In  the 
lK)ttom,  at  a  mo<lerate  distance  from  the  shore,  l)egan  wide  banks  of  shells  and  corals, 
and  in  the  central  or  dcei>er  parts  of  the  area  there  were  be<l8  of  calcareous  mutl  with 
comparatively  few  <>f  theiric  living  cn»atures.  In  the  hills  around,  voIcan<»t»s  of  far 
grejiter  antiquity  than  th<»se  whose  products  we  considered  in  a  former  chai>ter,  were 
altering  and  calcining  the  slaty  and  quartzose  rocks;  and  from  their  sides  uvery  laml- 
fl(XKl  i»oured  down  streams  of  red  sand  and  mud,  while  in  many  iilai^^^  rillt?  and 
springs,  strongly  inipregnate<i  with  sulphuric  acid,  wer*^  flowing  or  rising,  and  entt'ring 
tlie  sea,  de<'omposo<l  vast  quantities  of  the  carbonate  of  lime  accumuhitt'<l  l)v  sht-lU 
and  corals  and  converted  it  into  snowy  gy])sum. 

Tho  fauna  of  the  st^is  of  the  Lower  Carboniferous  coal  formation? 
and  Permian  periods,  ])otli  in  Eiiroj)e  and  America,  presented  so  irrcat 
similarities  that,  in  a  broad  view,  he  felt  thev  were  identical.  The 
fliantres  and  the  subdivisions  of  this  fauna  were  related  not  mereU-  lo 
lapse  of  tini(^  but  to  vicissitudes  of  physical  conditions.  It  fcdkmrti 
that,  accoi'din^^  to  his  n^asonino^,  if  the  peculiar  Permian  conditions 
indicat(ul  by  the  rocks  came  carliei*  in  Nova  Scotia  than  in  Kuroi)e  the 
character  of  the  fauna  mlofht  also  ]w  chanofed  earlier.  In  other  wonk 
*•  We  bave  both  rocks  and  shells  with  Pennian  aspect  in  the  etirlior  ' 
Carboniferous  period.''  The  fact  that  the  marine  fauna  of  the  Ijower 
Cari>oniferoiis  of  Nova  Scotia  more  nearly  resembliMl  that  of  Kurope 
than  lh(Mvc>tern  States  h(^  rc^^ardc^d  as  indicatin*!:  that  the  Atlantic  w:i^ 
at  that  time  probal>ly  an  imobstructtMl  sea  basin  as  now,  while  the  Apj)a- 
lachians  already,  in  part,  separated  the  deep-sea  fauna  of  the  Carlxm-  I 
ifci'ous  seas  east  and  west  of  tluMn.  ' 

Concernin<r  the  orioin  of  coal  hv  wrote:  *••  Mineral  charcoal  results  | 
from  subaerial  decay;  thc^  compact  coal,  from  subaquetms  putrefaction  | 
mor(M)r  l(»s>nio(litie(l  bv  beat  and  exposun^toair.'"     Further,  hereininkJ 

I.  ^ 

min(M'al  chaieoal  as  the  woody  debris  of  trees,  while  the  compact  coal 
was  /)i'o(luccd  from  tliebavk  of  these  same  trees  ulon^  with  such  woody 


Sin  William  Dawsoh. 


AMERICAN   GEOLOGY DECADE   OF   1870-1879.  577 

herbaceous  matter  as  might  be  embedded  or  submerged  before 
AV  had  time  to  take  place. 

Te  referred  again  to  the  observations  and  conclusions  made  by  him 
connection  with  his  Joggins  work  several  yeai"s  previous,  to  the 
ct  that  the  layers  of  clear,  shining  coal  (pitch  or  cherry  coal)  are 
iposed  of  flattened  trunks  of  trees,  and  that  of  these  usually  the 
<  alone  remains,  the  lamination  of  the  coal  being  due  to  the  super- 
ition  of  layers  of  such  flattened  trunks  altiM'nating  with  the  accu- 
ations  of  vegetable  matter  of  successive  3'ears,  and  occ^asionally 
1  tine  vegetable  muck  or  mud  spread  over  the  surface  by  rains  or 
nundatious. 

he  stigmaria  found  in  the  clay  underlying  nearly  every  })ed  of  coal 
elt  proved  beyond  question  the  accumulation  of  the  coal-foruiing 
erials  through  growth  in  situ,  following  in  this  respect  the  teach- 
of  Logan.     The  under  or  tire  clay  was  thus  looked  upon  as  a  fossil 

robbed  of  its  alkali  and   lime   through   growths  of   terrestrial 
etation. 
he  rocks  of  the  Arisaig  series,  which  in  1855  he  regarded  as  Silu- 

(Devonian  ?),  in  the  edition  of  1868  he  says  '"nuist  be  regiirded  as 
resenting  the  middle  and  upper  parts  of  the  Upper  Silurian,  a 
ition  somewhat  lower  than  that  assigned  to  it  in  the  first  edition/' 
he  provincial  predictions  of  Dawson  in  this  work  an*  somewhat 
ising.     Thus,  on  page  4: 

irther,  since  by  those  unchanging  lawB  of  geological  Rtructuro  and  goograptiical 
ion  which  the  Creator  himnelf  has  (*tal)liehtiNl,  this  region  must  always,  notwith- 
ling  any  artificial  arrangements  that  man  may  make,  remain  distinct  from  Can- 
^n  the  one  hand  and  New  England  on  the  other,  X\w  name  Acadia  must  live; 
I  venture  to  predict  that  it  will  yet  figure  honorably  in  the  history  of  this  west- 
A'fifld.  The  resources  of  the  Acadian  jirovinces  must  necessarily  render  them 
^  wealthy  and  populouH  than  any  area  of  the  same  extent  on  the  Atlantic  coant 
I  the  Bay  of  Fundy  to  the  (Julf  of  Mexicro,  or  in  the  St.  Lawrence  Valley  from 
«ea  to  the  head  of  the  Great  Lakes.  Their  maritime  and  mineral  resources  con- 
te  them  the  <jrreat  Britain  of  eastern  America,  and  though  merely  agricultural 
bilities  may  give  some  inland  and  more  southern  regions  a  temporary  advantage, 
lia  will  in  the  end  assert  its  natural  preeminence. 

Dawson  was  a  Nova  Scotian  by  birth,  having  first  seen  the  light  of 

at  Pietou  in  1820.     He  was  educated  at  Pictou  Aeadoniv  and  sub- 

iiently  at  the  University  of  Edinburgh,  Scotland,  where  he  came 

under  the  influence  of  Jamieson,  Forbes,  Balfour,  and 
:hof  Dmwmii.     Alexander  Rose.    In  1847  he  returned  to  Nova  Scotia, 

and  in  1855  assumed  the  principalship  and  chair  of 
ii-al  history  in  McGill  University,  Montreal,  at  the  head  of  which 
jtution  ho  remained  until  1898,  when  he  was  forced  by  ill  health  to 
gn.  His  first  original  paper,  as  has  been  noted,  was  on  a  species  of 
1  mouse  found  in  Nova  Scotia,  and  was  read  before  the  Wernerian 
iety  of  Edinburgh.    From  so  insigniticant  a  beginning  he  developed 
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into  one  cif  the  mfs^  prolific  awI  Tolominoas  writers.  The  Geologi 
Hijrtory  of  Plantj<.  The  Air  Breathers  of  the  Coal  Period,  The  C«i 
dian  Ic«f  A^.  The  I>awii  of  Life.  Story  of  the  Earth  and  Maa.  Foe 
Men  and  their  Moslem  Kepresentatives.  The  Meeting  Piaee  of  Gedo; 
and  llhiUfry.  and  Modem  Science  in  Bible  LamLi  are  among  the  h 
known  of  his  writings,  in  addition  to  the  work  above  reviewed, 
educational  matters  he  was  alwaj^  prominent,  and  the  pre^ent  stu 
inif  of  Mcijill  Universitv  Ls  lareelv  due  to  his  indu<trv  and  abilitr 
an  adminintnit^ir.  He  \h  represented  by  his  biographer  as  a  man 
quiet  geniality,  gentle  and  courtly  in  manner,  but.  as  may  be  read 
HurmiM»il  from  his  re<:ord  in  the  Eozoon  controversy,  decided  in  op 
ion  and  firm  in  action.  Like  Alexander  Winchell  he  took  a  promiiM 
part  in  overcoming  the  popular  prejudice  concerning  the  suppot 
antagonism  lietween  religion  and  the  sciences,  particularly  geolof 
An  advancifd  and  lilieral  thinker,  he  was,  nevertheless,  not  an  evo 
tionist  in  the  ordinarj'  acceptance  of  the  term.  He  believed  that  I 
intrcKlaction  of  new  species  of  animals  and  plants  had  been  a  contti 
ous  process,  not  necessarily  in  the  sense  of  deviation  of  one  spec 
from  another,  but  in  the  higher  sense  of  the  continued  operation 
the  cauw;  or  causes  which  introduced  life  at  first.  The  histon'  ol 
liffj,  he  argued,  presents  a  progress  from  the  lower  to  the  higher,  fn 
the  simpler  to  the  more  complex,  and  from  the  more  generalized 
the  more  .sfK'cializod.  In  this  progress  new  types  are  introduced  a 
tuke  the  pUicn  of  the  older  ones,  which  sink  to  a  relatively  subordioi 
plHco  Jind  become  thus  (h'gnided.  To  him  imleontology  furnished 
direct  ('\  idoFH-e  as  to  th<*  actual  transformation  of  one  species  ii 
another  or  as  to  the  actual  circumstances  of  creation  of  a  species:  I: 
the  drift  of  its  t<*stimony  to  him  showed  that  species  come  in  prr  j<'ili\ 
rather  than  hy  any  slow  and  j^i'adual  process. 

In  ls7i*  there  was  published,  as  already  noted  (p.  515).  pjirt  one 
Whitnev's  Auriferous  (J ravels  of  the  Sierra  Nevada  of  CaHforn 
and  in  lss()  part  two  of  the  same*  work,  the  com!)ined  papers  comprisi 

a  volume  of  501^  pa^es,  in  which  the  distrihutic 
<TrIl vei«^  1 H7 " HO*"*"*     c)ri^^in,  and  characteristics  of  the  auriferous  i^rav 

of  the  Sierras  are  fullv  discussed  and  much  iuf< 
mation  ^iven  re^^ardin^  their  method  of  mining  and  economic  vali 

Discussing  the  oii^^^in  of  the*  conglomerates  and  the  prevaili 
theories  iej^ardin<j^  their  marine^  origin,  he  wrote: 

Ai/ain,  tlic.^r  (Ictrital  (l('])()sitH  art'  not  (listri])ut<Ml  over  the  flanks  of  the  Sierra 
jiMv  Hiich  WHv  as  tlu'v  would  have  been  if  thev  were  the  result  of  the  action  uf 
t'i'ix.  On  thr  rontrarv,  there  is  I'verv  reason  to  Ijelieve  that  thev  consist  of  mater 
which  have  heen  hron^'ht  down  from  the  mountain  heights  above  and  depositee! 
prcexistiu)^'  valleys;  sonietinies  very  narrow  aceuniulationH,  simply  beds  of  anci 
rivers,  and  at  other  times  in  wide  lakedike  expanses  of  former  water  courses. 

Sul)s(Mjuent  work  has  a[)i)arently  fullv  confirmed  Whitney's  yk 
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e  time  of  deposition  was  put  down  by  him  as  during  the  later 
iocene  epoch,  and  not  as  late  as  the  drift  of  the  Diluvial  period. 
!dany  pages  were  devoted  to  the  vertebrate  fossils  found  in  the 
riferous  gravels,  and  particularly  to  the  evidences  of  man,  and  the 
laveras   skull.     The  question  of  the  contemporaneous  deposition 

this  skull  with  the  gravels  has  been  too  frequently  discussed  by 
inologists  to  need  more  than  a  brief  mention  here.  Suffice  for  the 
esent  to  state  that  Whitne}-  himself  seems  to  have  been  fully  con- 
iced  of  the  genuineness  of  the  find,  and  regarded  it  as  establishing 
yond  doubt  the  existence  of  Tertiary  man  in  California. 
In  discussing  the  source  of  the  gold  and  its  distri])uti()n  in  the  gravel 
hitney  took  occasion  to  express  the  opinion  that,  as  a  whole,  the 
imrrence  of  metalliferous  ores  is  rather  a  surface  phenomenon  than 
ieep-seated  one,  and  that  this  is  due  to  the  favomble  conditions  for 
sure  formation  and  deposition  from  solution  controlled  by  tempera- 
re  and  pressure. 

The  source  of  the  gold  he  thought  to  be  undoubtedly  the  quartz 
ins  which  traverse  the  Jurassic  slates,  a  fact  to  his  mind  refuting 
urehison^s  theory  of  the  occurrence  of  gold  exclusively  in  Paleozoic 
cks.  He  found  no  evidence  to  support  the  opinion  that  the  large 
«  of  the  nuggets  in  the  gravel  was  due  to  a  gradual  growth  through 
emical  precipitation."  He  regarded  such  as  more  or  less  dentritic 
d  branching  masses  which  have  been  liberated  from  the  gangue  and 
duced  to  pebble  form  by  the  pounding  they  received  in  the  moving 
avels. 

Whitney's  work  on  the  auriferous  gravels  was  followed  in  1880  and 
82  by  an  equally  comprehensive  work  on  climatic  changes  of  later 
ological  times,  the  discussion  being  based  largely  on  observations 

made  during  the  work   of    the    California    survey. 
own 'i88iM882.  Whitney  was  struck  ])y  the  appearance  of  recent  desic- 
cation in  the  West,  as  illustnited  !>y  the  lake  regions 
the  Great  Basin,  and  from  a  study  of  the  phenomena  here  met  with 

compared  with  those  in  other  regions  he  was  led  to  conclusions 
dically  at  variance  with  those  commonly  accepted  by  his  co-workers. 
will  be  remembered  that  in  the  work  on  the  auriferous  gravels  he 
^k  the  ground  that  there  had  been  no  appreciable  change  in  cleva- 
m  of  the  Sierras  i:ince  the  close  of  Cretaceous  times,  and  he  argued 
at  the  Tertiary  auriferous  gravels  were  laid  down  by  the  rivers  of 
At  period  which  flowed  through  broad  channels,  the  present  deep-cut 
shaped  channels  being  due  to  the  smaller  volume  of  water  which 
18  the  result  of  a  decrease  in  annual  precipitjition. 
Concerning  such,  he  wrote: 

t  is,  as  a  general  rule,  safe  to  assume  that  where  U-sliaped  valleyH  exist  the  per- 
idieular  walls  have  an  orographic  ori^^in  and  tliat  thone  <»f  V  form  have  had  tliat 

'  Recent  work  of  A.  Livereidge,  tiie  Australian  mineralogVs't,  cou!!l\tw\^  Ww  n\v?v;  , 
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shape  given  to  them  hy  the  debris  piles  which  have  accumulated  against  their 
sides.  The  farther  we  descend  the  mountain  slope  the  less  the  grade  and  ooob^ 
quentl y  the  less  the  carrying  power  of  the  stream.  Hence  the  valley  which  ii 
U-shaped  in  the  upper  part  of  its  course  acquires  more  and  more  of  a  V  form  as  it 
approaches  the  plain  at  the  base  of  the  range  from  which  it  heads. 

Whitney  thought  to  be  able  to  trace,  not  to  go  too  much  into  detail, 
a  period  of  waiinth  and  heavy  precipitation  followed  by  one  of  desic- 
cation, but  anticipated  by  one  of  cold  and  glaciation,  the  glaciers,  how- 
ever, being  limited  to  the  most  elevated  ranges  of  the  Cordilleras.  At 
the  outset  he  announced  himself  as  opposed  to  the  '^wild  and  absurd 
ideas  that  had  prevailed  regarding  glaciation  in  the  Sierras,  and  statel 
it  as  his  belief  that  here  at  least  ice  had  pla^^ed  but  an  extremely  sub- 
ordinate part  as  a  g(M)logical  agent,  though  'Hhere  is  no  doubt  thit 
the  great  C'alifornia  range  was  once  covered  with  grand  glaciers,  bat 
little  if  at  all  inferior  to  those  which  now  lend  such  a  charm  totb 
Swiss  Alps/- 

In  the  discussion  of  the  question  he  called  attention  to  the  facttU 
the  Great  Lakes  of  North  America  and  most  of  those  of  other  coun- 
tries as  well  are  included  in  areas  underlain  by  Paleozoic  rocks  of 
those  partly  Paleozoic  and  partly'  Archean,  and  are  due  not  to  glacid 
erosion,  but  to  orogmphic  movement*? — Lake  Superior,  for  instance, 
occupying  a  synclinal  depression  in  Paleozoic  rocks  just  along  the  edge 
of  the  Azoic  series. 

The  Liiko  rct^ion  of  the  (iieat  Basin  while  likewise  orographic  in 
origin  has  hcconie  desiccated  through  climatic  changes,  he  finding  no 
evidence  that  there  has  })een  any  essential  alteration  in  the  contigura 
tion  or  toj)()graphy  of  the  western  side  of  the  continent  since  the 
(flacial  epocli— that  is,  since  the  time  when  the  crests  of  the  highest 
rang(»s  wen^  to  some  extent  covered  with  snow  and  ice.  Therefore, 
no  part  of  the  desiccation  which  appears  to  liave  taken  place  since  that 
time  can  ])o  due  to  orographic  changes;  the  phenomenon  must  have 
i)een  a  cliniatological  one. 

Th(^  j)henomen<)n  of  tiords  h(^  considered  as  due  to  aqueous  erosion 
along  mountainous  coasts  which  have  since  become  depressed. 

It  was  Whitney's  opinion,  further,  that  the  geological  importance 
of  tlie  ice  sheet  had  been  greatly  (\\aggerated.  It  seemed  to  him 
i)ey()n(l  (|U(\sti(>n  that  tlii^  icebergs  had  ])layed  an  important  part  in  car- 
rying and  distributing  the  large  angular  ])owlders  which  in  many  places 
rest  u])<)n  the  surface  in  such  a  manner  as  to  show  that  they  could  not 
have  been  placed  in  their  present  position  by  running  water  or  by  a 
general  ice  sheet. 

He  regardiHl  it  as  evident  enough  that  the  climate  of  northeastern 
America  during  tlu^  (ilacial  epoch  was  a  period  of  greater  precipita- 
tion than  is  now  taking  ])lace,  but  that  it  was  a  period  of  intense  ooU 
he  would  not  admit.     (Jlaciation  or  a  (ilacial  ])eriod  was  due  merely  to 
i/icivnsod  j)i-ecii)itati()i\.     \u  ovcVn-  VWV  s\wV\  Yvvciyitation  should  take 
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ce  an  increased  evaporation  from  the  land  and  water  was  necessary. 
18  oould  be  brought  about  only  by  a  general  increase  of  teini>erature, 
amount  of  precipitation  being  the  same;  whether  it  would  or  not 
e  rise  to  glaciers  would  depend  upon  temperature,  which  itself 
uld  be  dependent  upon  local  conditions  which  might  or  might  not  be* 
B  to  elevation  of  land  surfaces.  His  idea,  in  brief,  was  that  while 
ring  the  Glacial  epoch  over  the  entire  globe  there  might  be  a  period 
sufficient  warmth  to  produce  the  desired  evaporation,  the  precipita- 
m  would  fall  as  rain  or  snow,  according  to  the  loc^al  uplift  or  depres- 
m.  That  the  glaciei*s  are  now  retreating  in  nearly  every  instance 
I  regarded  as  due  not  so  much  to  a  change  in  climate — at  least,  not 
a  gradual  increase  of  temperature — but  rather  to  a  gradual  decrease 
the  amount  of  annual  precipitation.  He  felt  that  ''The  weight  of 
e  highest  authorities  is  decidely  against  the  theories  of  both  Adhe- 
ar  and  Croll,  from  the  standpoint  of  astronomical  science;  while  it 
believed  that  these  theories  are  equally  at  variance  with  the  conclu- 
308  of  the  most  eminent  climatologists  of  the  present  day.  At  all 
'ents,  the  evidence  in  favor  of  a  cyclical  recurrence  of  cold,  or 
laeial  periods,  sinks  into  insignificance  when  compared  with  that  indi- 
ting a  progressive  diminution  of  temperature  on  the  earth's  surface 
iring  the  geological  ages,  and  from  the  very  earliest  time  when  land 
sgan  to  exist  from  the  conditions  of  which  light  on  this  subject  could 
5  procured. 

In  this  connection  it  mav  be  mentioned  that  Whitney  considered  the 
ovement  of  glacial  ice  due  to  water:  • 

Glacier  ice  is  not  simply  ice,  but  a  mixture  of  ice  and  water,  and  it  \»  to  the  pres- 
ce  of  the  latter  that  the  whole  mass  owes  its  flexibility.  The  larj^er  the  amount  of 
iter,  other  things  being  equal,  the  more  easily  the  glacial  mass  moves.  When  the 
iter  increases  so  as  to  get  the  upper  hand,  the  ice  gives  way  with  a  rush  and 
cx>me8  an  avalanche.  *  *  *  The  extreme  variation  of  the  rate  of  motion  of 
lerent  glaciers  coming  down  from  the  inland  ice  of  Greenland  is  due  to  the  differ- 
t  amounts  of  water  which  they  have  imbibed. « 

The  rapid  development  of  the  economic  resources  of  Pennsylvania, 
rti<'ularly  coal,  iron,  and  |>etroleum,  during  the  years  intervening 
twecn  the  publication  of  Rogers's  final  report  (1858)  and  1874, 
sod  aeoioskai  arouscd  a  great  public  demand  for  more  detailed  knowl- 
uwrivania.  edge  of  geological  facts.     An  appeal  was,  therefore, 

r4-f887.  made  to  the  State  legislature  in  1873  for  the  establish- 

3nt  of  a  second  geological  sui^ey.  This  culminated  in  1874  in  an 
actment  providing  for  the  appointment  of  ten  commissioners,  hav- 
f  authority  to  appoint  a  State  geologist  "of  ability  and  expc^rience" 
lo  should,  with  ten  competent  assistants,  make  such  investigations  as 
ight  be  required  to  elucidate  the  geology  of  the  State  and  put  the 

>It  flhoald  be  noted  that  Whitney's  ideas  were  re\newed  in  a  aou\ft^Vv«A>  ^:t\\SRsiiL 
inner  by  G.  K.  Gilbert  in  Science  for  March  9«  16«  aud  2^,  IH^ 
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resultH  of  this  and  previous  work,  of  either  individuals  or  sunevs, 
into  a  convenient  form  for  reference. 

Acting  under  this  authority  the  commissioners  in  1874  appointed  ii 
SUite  geologist  J.  P.  Lesley,  a  topographer  of  the  first  survey  ander 
Rogers,  and  subsequently  connected,  in  the  capacity  of  topographer 
and  geologist,  with  various  private  surveys — a  one-time  clergyman,  and 
then  professor  of  geology  in  the  University  of  Pennsylvania.  Annuii 
appropriations  were  made,  amounting  during  the  thirteen  years  nt 
which  the  survey  existed  to  $545,000.  Under  these  seemingly  favcK^ 
able  auspices  the  second  survey  was  inaugurated.  With  Lesley  wd 
associated  from  time  to  time,  in  one  capacity  or  another,  a  consideiJ 
a})le  number  of  individuals,  among  whom  mention  may  be  made  cfl 
C.  A.  Ashburner,  C  E.  Beecher,  J.  C.  Branner,  J.  F.  Carll,  H.  IL 
enhance,  K.  W.  Claypole,  E.  V.  d'Invilliers,  L.  G.  Eakins,  Persifti 
Krazer,  F.  A.  (lenth,  C.  E.  Hall,  T.  S.  Hunt,  A.  E.  Lehman,  Lee 
Lescjuoreux,  A.  S.  McCreath,  F.  Prime,  jr.,  J.  J.  Stevenson,  1.(1 
WliiUs  Arthur  Winslow,  and  G.  F.  Wright. 

From  the  work  of  this  organization  has  sprung  the  most  remarkabh 
scries  of  reports  ever  issued  by  any  survey.  Up  to  and  including  188T, 
wiieii  ti(»ld  work  was  practically  discontinued,  there  had  appeareil  hoibi 
77  octavo  vohunos  of  text,  with  35  atlases,  and  a  ''Gmnd  Atlas.'' 
TIh^sc  were  follow(»d  in  1892  and  1S95  by  the  three  octavo  volunMi 
const itutiiiiT  th(^  tinal  report. 

A  v(M\  lariic  ])()i(i()n  of  the  work  of  this  survev  fell   bcvoiid  the 
time  limits  nuMitullv  set  for  the  present  history.     It  uiav.  however. I* 
stated  that  the  main  encrirics  of  the  organization  were  directed  toward 
the  s<>l\  iiio-  of  economic  problems,''  and,  as  was  the  case  with  thei 
Koi^ers    Mirvev    which    i)nH*e(le(l    it,  more   attention   was    devot^  ^ 
chemical  and  physical  than  to  j)aleontological  questions.      Lesquereux, 
who   hatl    l)een    n^sj)onsil)le   for  what   paleobotunical  work   wa*^  done 
undiM-  Ho»:er<,  was  commissioned  to  extend  his  investiirations,  and  in 
issoanii  ISS4  issiu'd  thrci*  re|)orts  of  text  and  one  atlas  on  the G*lj 
Flora.      The  >trictly  paleontoloirical  work  done  from  1875  to  18^0wa!?J 
that  o(  J.  J.  Steven>on  and   1.    C\    White,  along  the  West  Vii^ini*- 
()hii»,  anvl  New   York  borders. 


1  h:i\o  Nrii  o'hlijji^l  t.»r  I  ho  last  tourtiH'ii  voars  to  dirxvt  tht'  Stato  survev  HliDt»< 
o\thi'»i\ti\  in  an  o^-. 'Uoiiiii'  (iirrvtion.  m>  as  to  make  tho  whole  of  every  appniprwHOB 
l>rin;j  a>  ir.r.«  !i  unit  t«»  the  l»usiiio<>  t'oinmunitv  a>s  jx^^ible,  iK'irIe«-tiii^.  iu  '^ 
'^x^:*  n.ativ  i:r»';.  ci^t^  :itav  po-.>iMv  or  pn'KiMv  *t»nsider  a  i>haiiiefiil  inanner. :^rirtlf 
>ri«:;i;t;r  n>rat\ins.  I\on  when  I  haveonieri^l  lon^  arnl  extensive  >fi<?D^^ 
iixM!v  !u  >  a^  in  i\\v  va^*  oi  the  analysi-s  t't  the  Lower  Silurian  limestone  serit^  I'PP'^ 
>i;i'  Harris'  iri:  it  has  Nw..  r.«>t  in  the  spirit  of  tninrJi'endental  soiemv,  but  with U* 
rxjTi--  •.•  :v:,:i.  v.  i-*  r.-o  the  resnlt>  dinvtly  as  applieil  s^*ieniV  to  the  eix>nomw*' 
.h'.j  an.N  :  ::;e  State.  It  ean  lia-^r.y  Iv  un»ierst<.XHl  by  out«siiler>i  Ijow  oomplt'tdy*|, 
S:al<*  l»i:rea-.;  i<  >).-.:t  r.i»  :■■  thi<  ntve^ssitv. 

V-'Urs.  re>jH'v;tuu\,  J.  1*.  Ijsle^- 
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[n  1881  and  1883  Professor  White  studied  the  fossils  of  the  middle 
It  of  counties  on  the  Delaware,  Susquehanna,  and  the  upper  Juniata 
ers.  Professor  Stevenson  did  the  same  for  the  Maryland  border, 
lile  E.  W.  Claypole  was  commissioned  to  prepare  a  special  report 
all  foi*ras  discoverable  in  the  district  of  the  lower  Juniata. 
The  main  energies  of  the  survey  were,  as  above  noted,  devoted  to 
>nomic  problems,  with  particular  reference  to  the  extent  both  geo- 
aphic  and  geologic  of  the  coal  and  petroleum  formations.  A  great 
lount  of  good  was  undoubtedly  accomplished,  perhaps  as  much  as 
e  has  a  right  to  expect.  Work  in  later  years  has,  however,  showed 
Eit  the  fundamental  defect  of  the  survey  was  lack  of  accurate  topo- 
aphical  maps.  This  seems  the  more  remarkable  in  view  of  the  fact 
at  the  same  defect  became  obvious  during  the  progress  of  the  Rogers 
rvey,  and  further,  in  that  Lesley  was,  himself,  a  topographer. 
To  quote  Lesley's  own  words  (manuscript),  rtie  facts  of  dominant 
iportance  which  became  impressed  upon  the  Pennsylvania  survey 

ire  as  follows: 

• 

(1)  The  Paleozoic  formations  reach  their  maximum  thickm»88  in  this  State;  and 
osequently  admit  of  a  jjreater  differentiation  than  elsewiiere  into  special  groups  of 
ds. 

(2)  The  middle  region  of  the  State  is  magnificently  plicate<l  and  eroded,  exposing 
numerable  outiTops,  connected  in  zigzags,  and  of  inmu?nse  length. 

(3)  No  unconformable  later  deposits  cover  and  conceal  these  out<Tops,  so  that  there 
au  unexamphnl  opportunity  for  the  study  of  variable  thickness  and  (!hanges  of 
pe. 

(4)  The  topographical  features  are  so  dei>endent  upon  the  lithology  and  structure 
at  any  geological  survey  of  the  region  must  be  virtually  a  topographical  survey. 

(5)  The  geological  areai)  are  of  great  size  and  so  clearly  defined,  and  so  distinct  in 
aracter,  that  they  naturally  claimed  and  received  each  one  a  survey  of  its  own. 
lese  areas  are:  1,  The  Bituminous  Coal  field  of  the  west  and  north;  2,  the  Anthra- 
te  Coal  fields  in  the  east;  3,  the  middle  l)elt  of  Devonian  and  Silurian  formations; 

the  Mesozoic  belt  of  the  south  and  east;  5,  the  South  Mountiiin  Azoic;  6,  the 
liladelphia  belt  of  Azoic  rock;  and  7,  the  region  of  (ilacial  Drift. 

(6)  The  natural  section  of  the  Bituminous  Coal  Measures,  down  the  Monongahela 
d  up  the  Allegheny  rivers,  relieved  the  study  of  that  part  of  the  Paleozoic  system 
all  ambiguity. 

(7)  The  great  amount  of  mining  done  in  the  anthracite  fields  made  that  part  of 
^  survey  peculiarly  exact  and  correctt. 

'8)  The  great  size  and  number  of  the  brown  hematite  mines  furnishcni  unusual 
f>ortunities  for  the  study  of  that  kind  of  mineral. 

9)  The  great  size  and  number  of  limestone  quarries,  exploited  for  the  manufacture 
iron  and  for  fertilizing  farms,  opened  to  view  every  part  of  the  great  Siluro- 
rnbrian  formation,  the  whole  of  the  Lower  Helderl^erg,  all  the  Devonian,  and  most 
the  Carboniferous  limestone  lx*ds. 

10)  On  the  other  hand,  Pennsylvania  is  singularly  destitute  of  workable  veins  of 
i  precious  metals.  Its  poverty  in  gold,  silver,  copper,  and  lead  is  extreme.  It  has 
t  one  important  zinc  deposit;  and  but  one  nickel  mine."  In  fact  its  Azoic  regions 
a  whole  are  barren  country,  containing  but  a  few  small  magnetic  iron  ore  beds,  in 


o  Not  worked  since  1891. 
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;<lrr)ii)i  ('riiitra>it  to  the  U'ljoiriinf*  \»ne  region  "I  northern  New  Jeraev.     What  IH 
wliiit^  iimrlilc  it  jxts'ei'w.-'  makeH  a  narrow  outcrop  fur  a  few  n'lileH  alon^'  a  Hogtr  Ui 
^iijie  MTiJeriliiie  roi.'k,  a  little  rhmine  iron,  une  large  eosp^tone  <|uarry.  Rod  MM 
kaolin  cleiiocits  i-om-liidi'  the  list  of  its  Azoic  mineralH. 

Pradirally  viewi^l.  thu  )^>l<>^y  of  Penneylvania  \»  wholly  Paleozoic,  on  thi 
ma};niiiivnt  xcule,  with  an  iinexaiii])lt^  wealth  of  anthracite  anil  hitaaiinoiH  m^ 
i)n)U'n  iiciimtite  in)Li  ore,  linici>tone,  rock  oil,  and  nx-k  gae;  and  Ui  the  eitnlTul 
ilnuTi|)tioii  uf  tlieM-  its  ^ulogical  purvey  has  Irom  tirHt  to  last  been  devoted. 

Little  nlti-nliim  hta'  lieen  paid  to  the  litholiigical  study  of  the  building  utonMritki  ■- 
Stale,  or  to  their  ecoiionilc  description.  The  entire  State  is  a  nick  quarr}'.  Evay 
known  buililin)!  trtoiie  froui  the  granitefi,  gnemea,  quartzite»,  and  traps,  to  heiitb- 
Htoncf,  Hugftoiicf,  1>rown?toiie,  and  limestone  can  be  got  with  ease  and  with  i 
ubilndaiiit-  on  lines  nf  tranfiKirlation.  All  the  principal  ontcTop«  of  theve  Iwildiii 
stijne  [iirnuiUiini'  have  l)ccn  localc<t  and  their  places  in  the  Paleozoic  Beriw  dcfiixd 
in  the  reiHirtf.  with  snllicieiitly  precine  dettcriptione  of  their  ijualilieti  and  att*',  W 
Iffviind  this"  Ihc  ciirvey  iimld  not  ^. 

I,  Philadelphia  in  1$19,  and  graduated  at  the  Cu- 
II  183S,  becoming  alniop^t  i  ruined iatelv 
nocted  with  the  State  geological  surrej 
undor  RogerH.  in  tbb  capacity  of  topof 
mpher.  In  18+1.  duri^ 
Sketch  oi  LMtey.       the    teiiii>oniry    suspen 

of  this  work,  he  onteifd 
iilKjn  tlio  study  of  theology  at  Prinwtoo, 
and  was  license*!  to  prcstch  in  1S44.  lit 
then  wcnl  to  Kuropc.  whore  lie  istndicd  in 
the  University  of  Halle  during  the  winter 
of  isi4~4r.. 

Iteiiiniing  to  Auieriea.   he  assumed  th 

[>a-it()i-.ite    of    a    Coiigfcgiitional    eluircli  in 

.\lilford.     MiisMichusctts.    hut    i-.-igned  in 

Ls.")!   and  owing,   it    is  stated,  to  :i  eliiinKf 

in  his  i-eligi.nis  views,  gave  nj)  the  uiiiiislry 

r  to  Philiuleliihiti.  he  soon  Iweaiue  soeivtaryof 

-sociutioiL  and  of  the  Auiericaii   IMiilosopbifal 

t  in  geolugieiil  luattcrs,  pirllcularly  tIiOM>  rclal- 

!l;i(l  he  Ml  ehosen,  he  couhl  undouhtcdly  liuvi' 

it.  (irefeiTiug  scieneo  for  st-ieuee'  sake,  he  |)iit 

lie  gain  and  fetutiineii  [khu'.  ofleii  desperalply 


ii'oii  and  <'o:il. 
rd  a  f.n'liin,-.  I.i 
,11  ntVer^  .,r  pHv 
the,.nd.,nii^dt 
ivasamanof  lal 
lohlsUi.,gm|.her.,.fii 
!i>l  and  ,iplinii>l.  Imt  . 
amlev.'n.'vni.'ai.  A  ) 
aiidolLlspoken.  his  Wf 
ne-s  and  nnpolished  < 
J'.Mvll  relative  l.>   the 


nsid.- 
lie 


I,  hink.  Imt  eoiiuuariding  tiguiv,  and,  acconlin.!,'  ! 
npn-.-sionahle  an<l  euiotional  nature,  an  enlhu'i' 
■  fteiL  lainentahly  iiiclaiieholy,  uudeiiionstrativi'. 
man  of  tremendous  nervous  energy,  aggivssivp  | 
iliiig-i  are  full  of  expressions  which,  for  terse- 
■uiphasis.  nil'  iinei|iialed.  Thus,  in  ti  letter  to 
coloring  »(  luaps  and  the  uuiues  of  the  varioii* 
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The  fa<.*t  i^  thet^e  English  names  are  good  for  nothing  in  America  and  ought  ti> 
(ignored.  If  I  were  an  expert  in  profanity,  I  phould  say  damn  the  text-books, 
uui*8,  Le  Centers,  and  all  of  them.     They  are  mere  museums  of  embarrassments, 

far  as  classification  is  in  question.  *  *  *  Fortunately  Pennsylvania  is  a  very 
lall  comer  of  the  United  States,  and  I  suppose  it  matters  very  little  whether  its 
racture  appears  on  your  map  or  not.     But  in  heaven's  name  (I  mean  the  heaven 

geology),  what  do  you  gain  by  distinguishing  a  miserable  subformation  like  the 
simian  (one  or  two  patches)  an<l  not  distinguishing  an  enormous  subformation 

000  feet  thick  like  the  Subcarboniferous?" 

THE  WORK  OF  F.  V.  HAYDKN  AND  F.  B.  MEEK. 

The  reports  of  D.  D.  Owen  and  Dr.  John  Evans  on  the  collections 
lade  by  the  latter  in  the  rnauvaues  tcrreft  of  the  White  River  in  1849, 

1  published  in  1852,  had  attracted  a  great  deal  of  attention,  and  in 

•     the  spring  of  1853  Dr.  F.  V.  Hayden  and  F.  B.  Meek 
Ifce  bmi  Lands,     were  employed  by  Prof.  James  Hall  to  visit  the  ''  Bad 

Lands"  to  make  collections  of  fossils.* 
The  party  met  at  St.  Louis  on  Saturday,  May  14,  1853,  where  they 
)und  Dr.  John  Evans  bent  upon  a  similar  errand  under  the  direction 
f  Dr.  B.  F.  Shumard.  Leaving  St.  Louis,  the  party  proceeded  by 
oat  up  the  Missouri,  reaching  Fort  Pierre—  what  is  now  the  town  of 
ierre,  in  South  Dakota — ffune  21,  whence  they  proceeded  by  wagon 
ito  the  Bad  I^nds  proper.  Here,  in  spite  of  the  diihculty  of  holding 
ie  party  together  through  fear  of  hostile  Indians,  they  remained  for 
period  of  several  weeks,  returning  to  Fort  Pierre  on  July  18.  They 
fought  with  them  a  large  and  valuable  collection,  including  mam- 
lalian  remains  which  were  investigated  by  Dr.  Joseph  Leidy. 
The  Cretaceous  invertebrate  fossils  were  studied  bv  Professors  Hall 
Qd  Meek  and  described  by  them  in  a  memoir  published  by  the  Amer- 
an  Society  of  Arts  and  Sciences  of  Boston  in  1854.  This  paper  was 
3Companied  by  a  brief  vertical  section  l)y  Meek,  showing  the  order  of 
iperposition  of  the  Cretaceous  beds.  As  this  is  believed  to  be  the 
rst  section  of  the  region,  it  is  here  reproduced  in  full: 

xlion  of  the  Members  of  the  Cretaceous  Formation  as  ohserred  on  the  Mifisouri  Hirer ^ 

and  thence  Wentirard  to  the  Manvai»es  Terreit. 

ocene  Tertiary  formation: 

Clays,  sandstones,  etc.,  containing  remains  of  Mammalia.     The  entire  thickness 
of  this  fonnation  in  the  Bad  Lands  is  from  25  to  250  feet. 


« Some  of  Lesley's  **dig8**  at  his  fellow-workers  are  masterpieces  of  their  kind. 
hus  in  Volume  I  of  his  final  report,  where  attempting  to  de8cril)e  the  chaotic  condi- 
ons  existing  on  the  earth  during  the  earliest  Archean  times,  and  the  intense  chem- 
al  activity  incidental  to  the  deluges  of  **sour  rain''  falling  upon  the  hot  surface,  he 
lys  (p.  53):  *'A11  this  had  taken  place  before  the  first  age  of  which  we  have  any 
iological  monuments  and  is  only  known  to  Go<l  and  Dr.  8terry  Hunt,  who  has 
sscribed  it  magnificently  in  his  Chemical  Researches." 
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CretaceouH  formation: 

5.  Arenaceous  clay  parsing  into  ai^illo-calcareous  sandstone.     80  feet*. 

4.  Plastic  clay  with  calcareous  concretions  containing  numerous  fossils.    250  to 

350  feet. 
This  is  the  principal  fossiliferous  bed  of  the  Cretaceous  formation  up>on  the  I'pper 

Missouri. 
3.  Calcareous  marl,  containing  Ostrea  congesta,  scales  of  fishes,  etc.    100  to  150 

feet. 
2.  Clay  containing  few  fossils.     80  feet. 
1.  Sandstone  and  clay.     90  feet. 
Buff-colored  magnesian  limestone  of  the  Carboniferous  period. 


In  the  following  spring  (1854)  Doctor  Hayden  again  ascended 
Missouri  River,  this  time  partly  under  the  auspices  of  the  American 
Fur  Company.     He  spent  two  years  on  this  expedition,  during  which 

time   he   visited  the   various  portions   of  the  Upper 

Hayden  *•  Work  on  -i.  .i  i  il 

the  Upper  MiMouri,  Missouri,  being  Without  any  other  means  than  what  he 

jearned  or  secured  in  various  ways  as  he  went  along, 
and  dependent  even  for  subsistence  entirely  on  such  friends  as  he  met 
in  the  country,  among  whom  were  Col.  A.  J.,Vaughan,  the  Indiin 
agent,  and  Mr.  Alexander  Culbert*Jon,  of  the  American  Fur  Company. 

He  travei*sed  the  Missouri  River  to  Fort  Benton  and  the  Yellow- 
stone to  the  mouth  of  the  Big  Horn,  and  also  consideimble  portions  of 
other  districts  not  immodiately  bordering  on  the  Missouri.  As  the 
boats  of  the  fur  company  had  to  bo  towed  in  ascending  the  river,  the 
progress  was  nocessjirily  slow.  Tiie  time  thus  occupied  by  the  iioats 
was  utilized  i)v  llavdcn  on  the  shores,  and  as  a  result  he  traversed  a 
considerable  portion  of  the  journey  on  foot. 

The  verte})rate  renuiins  collected  on  this  trip  were,  as  in  a  previoitf 
case,  described  by  Doctor  Leidy,  mainly  in  ])apers  read  before  the 
Academy  of  Natural  Sciences  of  Philadelphia,  while  the  invertebrates 
were  described  by  Doctor  Ilavden  himself  in  connection  with  Profe.'v^r 
Meek.  The  collections,  which  were  deposited  partly  with  the  Academy 
of  S('ience  of  St.  Louis  and  i){irtlv  with  the  Academv  of  Natural 
Sciences  of  Philadelphia,  contained  a  larger  number  of  species  than  all 
those  previously  known  from  that  country,  many  of  them  being  new 
and  of  a  remarkable  character. 

Karlv  in  IS.")^)  Havden  returned  to  St.  Louis,  and  on  February  15 
of  that  year  received  from  Lieut,  (t.  K.  Warren,  of  the  U.  S.  Corps 
of  Topographical  Kngineers.  an  otl'er  to  report  upon  the  Sioux  country 

This  re])ort  was  made,  and   in  May  of  the  same  year  I 

Hayden  with  '■  .  i     ,  .  i.     i '.  .  •    *  ik    I 

Warren  in  the  Sioux   \\  arrcu  ai)i)ointed    lum  one  of   his  assistants  in  toe 

Country,  1856.  •  .     i       ^^    n  t^^  i      i       -^r' 

exploiation  ol  the  lellowstone  Kiver  and  the  Missouri 
River  from  Fort  Piern^  to  a  point  GO  miles  north  of  the  mouth  of  the 
Yellowstone. 

The  tield  work  of  this  (expedition  began  on  June  ti8,  the  partT 
returnhig  to  Fort  Pierre  ou  Ov^loUev  '12^  and  reaching  Washington  io 
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[ovember.     In  May,  1857,  Ha3"deu  wa8  again  appointed  geologist  by 

Lieutenant  Warren,  this  time  on  an  expedition  to  the 

■ydcn  with  '  ^ 


ren  to  the  Btock  Blaclv  HiUs.     The  party  was  organized  at  Sioux  City 

in  June  and   proc»eeded   up  the   Loup   Fork  of  the 
*latte,  returning  to  Fort  Leavenworth,  Kansas,  early  in  the  following 
December. 
Hay  den  noted  the  occurrence  of — 

1.  Metamorphic  Azoic  rocks,  including  granite. 

2.  Lower  Silurian  (Potsdam). 

3.  Devonian  (?). 

4.  Carboniferous. 

5.  Permian. 

6.  Jurassic. 

7.  Cretaceous. 

8.  Tertiary. 

9.  Post-Tertiary  and  Quaternary. 

In  a  preliminary  report  given  by  Warren  in  the  American  Journal 
rf  Science  for  May,  1859,  attention  was  called  to  the  important  physi- 
^raphic  fact  that  the  Niobrara  River  seemed  "to  run  along  a  swell  or 
'idge  on  the  surface  and  to  be  practicully  without  tributaries.'' 

This  would  seem  to  be  a  recognition  of  the  fact,  though  not  the  prin- 
uple,  that  streams  flowing  from  a  mountainous  country  and  laden  with 
tilt  maj- ,  in  their  lower  levels  where  the  current  is  less  rapid  and  the 
sarrj'ing  power  less,  so  deposit  their  load  as  to  build  up  both  the  bot- 
oni  and  banks,  and  this  until  the  stream  actually  occupies  the  crest  of 
L  ridge.  The  Platte  River  is,  however,  a  better  illustration  of  this 
lian  is  the  Niobrara.  That  portion  of  the  channel  running  between 
(teep  bluffs  he  thought  "must  have  originated  in  a  fissure  in  the  rocks 
vhich  the  water  basins  enlarged  and  made  more  uniform  in  size." 
this  failure  at  this  late  day  to  realize  that  a  stream  may  carve  out  its 
>wn  channel  can  be  excused  only  on  the  ground  that  Warren  was  not 
i  geologist. 

During  the  summer  of  1858  Messrs.  Hayden  and  Meek  explored  a 
Dortion  of  what  was  then  called  the  Territory  of  Kansas.  The  route 
followed,  as  given  by  Hayden  in  his  report  published  in  the  Proceedings 

of  the  Academy  of  Natural  Sciences  of  Philadelphia, 

EjiSnSte?'*" *"  was  a^  follows: 

From  Leavenworth  Citv  on  the  Missouri,  across  the 
country  to  Indianola  near  the  mouth  of  Soldier  Creek  and  the  Kan- 
sas River;  thence  up  the  north  side  of  Kansas  and  Smoky  Hill  rivers 
to  the  mouth  of  Solomons  Fork.  Here  they  crossed  the  Smoky 
Hill,  following  it  up  on  the  south  side  to  a  point  near  the  ninety- 
eighth  degree  of  west  longitude,  from  which  point  they  struck  across 
Ihe  country  in  a  southwest  direction  to  the  Santa  Fe  road^  which 
was   followed    northeastward    to  the    head  of  CoUoxwjoodL  v^\^^. 
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Leaving  the  load  hen',  tliev  wi-iitdown  l.he('ott<inw(>o«l  Valley  some S 
tulles,  when  they  turned  due  ea»t  to  Council  (irovfi,  from  whivh  pla« 


the  Siiritiv  Fe  niiid  ivus  I'olldwed  wmtliwest  ft.r  alK>iit  -J-t  miles  to  « 
wiitering  pliice  known  us  Lost  Syviiu^s,  Here  they  struck  aeross  tbf 
rnimtrv  m  n  northwest  (Vivectiow  U>  A^woVv  \\\\\^\\<^t  *f>vi\\  \).t  u  poi"' 
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irly  opposite  the  mouth  of  Solomons  Fork.  Thence  the  route  la}' 
ivn  the  south  side  of  Smoky  Hill  and  Kansas  rivers  to  Lawrence, 
i  thence  across  the  Kansas  in  a  northeastward  direction  to  Leaven- 
>rth  pity.  The  explorations  were  very  successful,  and  the  results 
ibodied  in  numerous  papers  in  the  Proceedings  of  the  Academy  of 
itural  Sciences  of  Philadelphia  and  elsewhere. 

In  April,  1859,  Capt.  W.  F.  Raynolds  was  instructed  to  orjranize  an 
:pedition  for  the  exploration  of  the  country  from  which  flow  the 
>per  tributaries  of  the  Yellowstone  River  and  of  the  mountiiins  in 

which  these  tributaries  and  the  Gallatin  and  Madison 
iy«*i»*»  forks  of  the  Missouri  have  their  source.     On  April  22 

Doctor  Ha^'^den  was  appointed  surgeon  and  naturalist 
:  this  expedition.  The  party  left  St.  I^ouis  May  28,  1859,  going  up 
le  Missouri  to  Fort  Pierre,  which  point  was  reached  about  the  middle 
f  June.  From  here  the  route  was  westward  and  northwestward  to 
le  Yellowstone  River  by  way  of  the  Cheyenne,  the  Belle  Fourche, 
id  Powder  rivers.  The  Yellowstone  was  reached  near  the  mouth  of 
le  Big  Horn  about  the  middle  of  August.  From  the  Y'ellowstone 
le  expedition  turned  southward  early  in  September  and  followed 
p  the  Big  Horn,  skirting  the  eastern  edge  of  the  Big  Horn  Moun- 
Lins,  finally  going  into  winter  quarters  on  Deep  Creek,  near  the  North 
latte  River,  about  the  middle  of  Octol)er. 

The  following  May  (1860)  explorations  were  resumed,  the  expedi- 
on  going  to  Fort  Benton,  on  the  Missouri,  by  way  of  the  North 
latte.  Wind,  Snake,  and  Madison  rivers.  Fort  Benton  was  reached 
Illy  14.  On  the  23d  of  July  the  return  trip  to  Omaha  was  >)egun, 
le  party  proc^eeding  !)y  boat  down  the  Missouri  River  to  Fort  Union, 
id  from  the  latter  point  by  land.  Omaha  was  reached  October  4, 
here  the  party  disbanded. 

The  report  of  this  last  expedition,  published  eaHy  in  1869,  com- 
rised  some  174  octavo  pages,  including  30  pages  of  paleontological 
Dtes  by  J.  S.  Newberry.  It  was  accompanied  by  a  colored  geological 
fcap  of  the  region  north  of  the  forty-second  parallel  and  h'ing  between 
le  ninety -eighth  and  one  hundred  and  fourteenth  meridians  (fig.  1)7). 

Some  of  the  more  important  conclusions  arrived  at  by  Hay  den  as  a 
^ult  of  observations  on  these  expeditions  are  as  follows:  He  announced 
1 1857  the  discovery  of  Potsdam  sandstone  in  the  country  about  the 

headwaters  of  the  Yellowstone,  and  in  a  preliminary 
umuvii^Haydca'Sp^^lj^^JQ^  in  the  American  Journal  of  Science  for 

1861  descTil>ed  it  as  more  or  less  changed  by  heat  from 
eneath.  The  other  formations  noted  were  Carboniferous  (including 
fermian?),  red  arenaceous  deposits  overlying  the  C'arboniferous,  but  of 
ncertain  age;  Jurassic,  Cretaceous,  and  Tertiary  deposits.  During 
le  long  interval  that  elapsed  between  the  deposition  of  the  earliest 
art  of  the  Silurian  and  th(*  conuuenceuient  oi   IW.  C/VwX^oviW^xovx's^^ 
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he  })elieved  dry  land  to  have  prevailed  over  a  large  portion  of  the 
West,  and  he  found  no  evidence  of  deep-water  deposits  until  far  op 
into  the  Cretac*i*ous.  Near  the  close  of  this  epoch  the  waters  of  the 
great  Cretaceoas  seas  receded  toward  the  present  position  of  the 
Atlantic  on  the  one  side  and  the  Pacific  on  the  other,  leaving  large 
areas  in  the  central  West  dry  land  with  but  a  slight  elevation  above 
the  sea  level.  He  showed  that  the  White  River  Tertiary  deposits 
were  younger  than  the  Lignite,  and  that  the  older  members  of  the 
western  Tertiary  were  clearl}"  separable  into  four  divisions  exclusive 
of  the  Pliocene  of  the  Niobrara.  He  believed  that  the  e.stuarian  depos- 
its ushered  in  th(»  <liiwn  of  the  Tertiary  epo<»h  and  that  they  l^elonged 
t()  the  Kocenc*  pericxl.  The  evidence  of  the  fossils  was  regarded  tf 
indicating  that  a  nmcli  milder  climate  prevailed  throughout  the  West 
during  the  greater  part  of  the  Tertiary  than  at  present — a  climate 
somewhat  similar  to  that  of  the  Gulf  States  at  the  present  day. 

In  an  article  on  the  Primordial  sandstone  of  the  Rocky  Mountains, 
published  in  the  American  Journal  of  Science  for  1862,  he  announoel 
the  finding  of  undoubted  evidence  of  the  existence  of  the  equival 
of  the  Potsdam  sandstone  of  the  New  York  series  in  two  impo 
outliers  of  the  Rocky  Mountain  chain.     He  pointed  out  the  singultr 
uniformit}'  in  the  nature  of  the  sediments  and  general  lithologi 
resemblance  to  the  eastern  type,  but  did  not  regard  this  as  due  to 
curnMits  ])ringintr  the  material  from  the  East.     He  thought,  rather,' 
that  the  uniformity  was  due  to  a  similar  uniformity  on  the  part  of  th«l 
underU'ing    rocks  from   wliicli    s(ulimeiits  were  derived — that  is,  h 
Ix'licviHl  that  the  source  of  all  the  s(*diments  composing  the  Priiiior 
dial   rocks  in  (he  West   could  he  tractnl  to  underlying  rocks  in  ther 
iniMKMliate  vicinity.      He  noted  the  gradual  thinning  out  of  this  Pri-f 
mordial  sandstone  toward  the  West,  and  (|Uoted  tiie  o})servations  of 
I).  1).  Owen   in    Miiuiesota,  Whitnev  in    Iowa,   Satl'ord   in  Tennessee, 
and  Sliuniard  in  T(^xas  as  contirniatorv.     The  lower  secondarv  forma-  ' 
tions,  on   the  otiier   hand,  as  \\v  pointed  out,  gradually  incrciised  in 
thickness. 

He  noti^l  no  uncoiiformai>ilitv  in  anv  o\'  the  fossiliferous  sediinen- 
tarv  rocks  of  thi*  Northwest  from  {\w  Potsdam  sandstone  to  thesum-j 
niitsof  the  true  Lij^nite  Tertiary,  l)ut  found  proof  of  two  great  periods 
of  disturbance,  the  one  ])rior  to  tiie  (lei)osition  of  Potsdam  sjindstone, 
when  the  A/oic  or  »jfraniti<"  rocks  wen*  elevated  to  a  more  or  less  J 
inclined  position,  and  the  other,  nuich  the  more  important,  at  the 
close  of  the  Liirnite  Teitiary.  when  the  *Mnassive  miclei  of  the  ranjjes 
wen*  raixMl  al>o\  t'  the  surroundintr  countrv.'' 

In  the  American  dournal  of  Science  for  18t):^  Hayden  had  an  iinp^^r- 
tant  pajHM*  in   n\o-ard  to  the  period  of  <devation  of  the   ranges  of  thej^ 
]u)cky  Mountains  ntar  the  M)urees  of  the  Missouri  River  and  itstrihu- 
tnrios.      1  le  regarvled  \\\e  evvXvnwv^  vvs  vAv^vv  that  the  gre^it  subterranetf 
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rces  which  elevated  the  western  portion  of  the  continent  were  called 
Lo  operation  toward  the  close  of  the  Cretaceous  epoch,  and  that  the 
adual  rising  continued  without  a  genenil  ])ursting  of  the  eartlfs 
rfaco  until  the  accumulation  of  the  Tertiary  lignite  deposits,  or  at 
ist  the  greater  part  of  them.  Also,  that  after  the  fracture  of  the 
rface  commenced  and  the  great  crustal  movements  began  to  display 
eiiiselves,  the  whole  country  continued  rising,  though  perhaps  with 
tervening  periods  of  subsidence,  up  to  and  even  including  the  present 
;riod. 

During  the  3'ears  of  the  civil  war  western  exploration  of  all  kinds 
a.s  interrupted.  IIa3'den  served  in  the  Federal  arnn^  as  a  surgeon 
rom  1862  until  1805,  resigning  to  accept  the  ))osition  of  ])rofessor  of 
lineralogy  and  geology  in  the  University  of  Pennsylvania,  a  position 
'hicb  he  retjiined  until  1872. 

In  the  summer  of  18H6  he  undertook  a  second  expedition  to  th(»  Bad 
Ands,  this  time  under  the  auspices  of  the  Academy  of  Natural  Sci- 
nces  of  Philadelphia.     In  company  with  James  Stevenson  he  left  Fort 

Randall,  South  Dakota,  August  8.     The  trip  was  made 

«ydcn's  Second  .  ,  .  to  i 

ncdttkm  to  the  with  a  sixmulc  team  and  occupied  fifty-two  days,  dur- 
ing which  a  circuit  of  six  hundred  and  fifty  miles  was 
ccomplished.  The  large  and  valuable  collection  of  mammalian  fossils 
rfts  described  by  Leidy  in  his  great  work  of  upward  of  450  large 
ctavo  pages  and  30  plates,  pu])lished  under  the  auspices  of  the  Aciidcmy 
t  Natural  Science^s  of  Philadelphia.  The  work  began  with  an  intro- 
liction  of  12  pages  on  the  geology  of  the  Tertiary  formations  of  Dakota 
«id  Nebraska,  ac<*ompanied  by  a  map.  In  this  work  I  lay  den  pointed 
•tit  the  possibility  of  bridging  over  the  chasm  heretofore  existing 
•©tween  the  Cretaceous  and  Tertiary  periods  by  means  of  transition 
^eds  l>elonging  to  the  lignite  series.  He  reiterated  some  of  the  state- 
ments made  in  previous  writings,  to  the  effect  that,  at  the  close  of  the 
2retaceous  period,  the  Kocky  Mountain  area  was  occupied  by  the  waters 
't  an  ocean  with  perhaps  a  few  peaks  projecting.  Near  the  close  of 
he  period  the  surface  had  reached  an  elevation  so  great  as  to  form 
u^ng  lines  of  separation  between  the  waters  of  the  Atlanti<*  on  the 
Qflst  and  those  of  the  Pacific  on  the  West,  and  then  this  great  water- 
ted  began  to  rise  above  the  surrounding  country  and  tlici  period  of 
*xeat  fresh- water  lakes  was  inaugurated.  The  elev^ation  during  th(» 
Jretaceous  period  he  regarded  as  slow  and  gradual,  but  at  about  tli<^  <*l()se 
^i  the  i>eriod  or  in  the  early  part  of  the  Tertiary  the  limit  of  tension 
H  the  crust  was  reached  and  long  lines  of  f  nicture  commenced  which 
orm  the  nucleus  of  the  present  mountain  ranges,  including  the  lofty 
vntinuous  ranges  with  a  granitoid  nucleus  along  the  eastern  portion 
*f  the  Rocky  Mountains,  as  the  Wind  River,  Big  Horn,  linramic,  or 
Slack  Hills.  He  showed  that  the  Tertiary  beds  were  in  part  deposited 
before  the  upheaval,  as  indicated  by  the  inclination  oi  1W\\^v\\V5j>\>^.\^. 


592  KKPORT   OF   NATIONAL   MUSEUM,  1904. 

The  lowor  Tertiary  fossils  included  bnickish-water  forms,  and  he 
thought  to  trace  the  ""  history  of  the  growth  of  the  continent  sti*])  by  I 
step  from  the  purely  marine  wat<»rs  of  the  Cretaeeous  ocean  to  the  j 
jXM'iod  when  the  mountain  ninges  were  elevated,"  the  ocean  wate^ 
exchuhHl  and  inclosed  lakes  formed,  at  tirst  salt,  hut  gradually  fresh- 
ened hv  intUix  from  frpsh-water  streams.     He  stat^^d  further  that  the 
(»levating  forces  acted  throughout  the  Tertiary  and  post-Tertiary  pe- 
ri(Hls,  and  prohahly  continue  to  act  down  to  the  pivsent  time.    During 
the  T(»rtiarv  p(»riod  th(»re  existed  at  least  four  and  possibly'  five  of  thej^e 
fresh-water  lakes  in  the  West,  two  of  which  were  of  great  extent.    The  . 
deposits  in  tliese  lakes  formed  the  had  lands  of  the  Judith,  the  great 
Lignit<»  hasin,  the  Wind  River  basin,  and  the  White  Kivcr  gn)up.    A 
|K)rtion  of  this  last,  that  in  the  region  of  the  White  River,  he  reganled 
as  of  Miocene  age. 

THK  I'.  S.  <JK()L(K41('AL  AND  (iKO(iKAPIIICAL  ST'RVEYS  UNDER  F.  V. 

HAYDKN. 

In  the  spring  of  l.sr)7  Harden,  acting  under  the  direction  of  the 
(icnenil  Land  Oilice,  and  with  an  appropriation  from  Congress  amount- 
ing to  S5,0oo,  })egan  his  work  as  W  S.  geologist  in  Nebraska,  and  in 

so  doing  laid  the  foundation  for  the  IJ.  S.  Geological 
Nibmica^  Survey  as  it  exists  to-day.     Ilayden  was  assisted  dur! 

ing  the  first  vear  by  Dr.  C.  A.  \Vhlto.  and  F.  B.  Meek. 
His  first  anmial  n»])urt  comprised  ♦14  octavo  pages,  and  dealt  lai^^ly 
with  thc'|)()ssihlc  occurrence  of  workable  beds  of  coal  within  the  State 
(dccidcMJ  in  tln'  ncgativ(^);  the  loess,  wiiich  he  regarded  as  silt  brou^flit 
down  by  streani>  and  (le|)'»sit<Ml  in  a  fresh-wat4»r  lake,  and  considm! 
lions  relative^  to  the  distrii)ution  of  th(^  C'n»taceous and  Tertiarj'dep'''- 1 

its.     In  lsr>s  the  appro])riation  of  S5,0<K)  was  renewni 
wyomii"7MftS.'"     5t"<l  the  Held  of  work  extended  into  Wyoming.     Inhis 

n*|)ort  of  ln:>  ])ages  he  called  attention  to  the  probaUef 
Tertiarv  a^r*'  of  all  the  coal  of  both  Wvoming  and  Colomdo.     In  l"^*-- 
JJ^lojMM)  wa>  ap])ro])riat<'(l  and  the  li(d(l  of  work  transferred  toColonnl<>  / 
and  New  Mexico,  the  survey  being  at  th«»  same  time  placed  under  the 

direction  of  the  Secn^tarv  of  the  Interior.     His assji^t- , 

Work  of  Hayden  in  ^     <•        .  i  •  '  i  wJi.  it  W 

Colorado  and  New      iu\{<  tor  tills  survcv  wcre  Jaiues  >t<»venson;  llenrv  »»•  | 

Mexico.  1N69.  .•    ^       i»    '    -J.  11  •     •  •  '        11 

hlliott,  artist;  Tersifor  r  razer,  minmg  engineer  aiw' 
metallurgist:  (Vriis  Thomas,  entomologist  and  botunist;  E.   C.  Car- 
ririgton.  zoologist,  and  15.  II.  (.'heever,  jr. 

In  this  i'e])ort  lie  eonlirmed  the  statement  made  by  him  in  tlu' 
.Vnierican  .louriial  of  Science  for  March,  {S{\s  — 

th:it  ail  \\w.  li;:niii'  T»Tiiary  ln-ls  i.f  tin*  Wrst  are  Init  fni^incnt''  of  niio  jireat  Uhk.  i 
iiit<Tniiii<Ml  lii-H"  aii'i  there  l>.v  tin*  upheaval  of  iiiountain  chain^r  or  coiuvaltnl  by  tlit- 
<lei«)>iti<ni  ai  lu'wrr  lurinatioii.'r. 
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He  pointed  out  that  the  main  range  of  the  Rocky  Mountains  '*  is 
eally  a  gigantic  anticlinal  and  all  the  lower  ranges  and  ridges 
*  *  only  monoclinals,  descending  steplike  to  the  plains  on  each 
ide  of  the  central  axis."  Also  that  there  were  two  kinds  of  ranges 
n  the  Rocky  Mountain  system — one  with  a  gmnitoid  nucleus,  with 
ong  lines  of  fracture,  and  in  the  aggregate  possessing  a  specific  trend; 
he  other  with  a  basaltic  nucleus,  composed  of  a  series  of  volcanic 
ones  or  outbursts  of  igneous  rocks,  in  many  cases  forming  saw-like 
idges  like  those  of  the  Sieri'as. 

He  found  no  evidences  of  any  unconformity  between  the  Cretaceous 
mi  lower  Tertiary  beds  and  no  such  changes  in  the  sediments  as 
Fould  account  for  the  sudden  and  apparentl}^  complete  destruction  of 
)rganic  life  at  the  close  of  the  Cretaceous  period. 

He  visited  the  Salt  Lake  Valley  and  examined  the  terraces  and  old 
ihore  lines  of  Great  Salt  I^ke,  describing  the  beds  as  of  post-Pliocene 
)!•  Quaternary  age  and  correlating  them  with  the  terra<;es  noted  by 
lim  al)ove  the  Wasatch  Canyon.  He  found  this  series  of  beds  so 
widely  extended  and  so  largely  developed  in  Weber  and  Salt  Lake 
valleys  that  he  regarded  it  as  worthy  of  a  distinct  name,  and  in  con- 
tequence  called  it  the  Salt  Lake  group.  He  afterwards  (in  1871) 
imited  the  name  to  the  older  y)eds,  which  he  considered  as  of  later 
^liocene  age,  recognizing  the  more  modern  character  of  the  terraces 
n  which  he  found  a  great  abundance  of  fresh- water  shells. 

The  question  of  priority  in  this  region  having  arisen  between  the 
ung  and  Hayden  surveys,  it  may  be  well  to  state  that,  according  to 
^r.  A.  C.  Peale,  Havden's  first  work  in  the  Salt  Lake  Vallev  was 
One  in  the  years  1868,  18<)9,  and  1870,  and  the  results  published  in 
ebruary,  1869,  during  the  latter  part  of  1869,  and  the  early  part  of 
^71.  The  report  of  the  field  work  of  1870  in  Wyoming  was  first 
rtnted  in  1871,  and  a  second  edition  issued  in  1872. 

In  1870,  with  appropriations  increased  to  ^25, (KK),  Hayden's  field  of 
:>erations  was  transferred  to  Wyoming  and  portions  of  contiguous 
rritories.     Stevenson,  Elliott,  and  Thomas  were  with  him  as  before, 

while  W.  H.  Jackson,  photographer;  John  H.  Beaman, 
l^ng^iiro.^     meteorologist;  A.  L.  Ford,  mineralogist;  C.  P.  Car- 

rington,  zoologist,  and  Henry  D.  Schmidt,  naturalist, 
ere  added  to  the  scientific  corps. 

The  party  outfitted  at  Cheyenne,  in  Wyoming,  and  proceeded  north- 
ard  along  the  eastern  base  of  the  Laramie  range,  exploring  the  Platte 
iver  as  far  as  the  Red  Buttes,  and  thence  passing  across  the  divide  to 
le  Sweetwater;  thence  to  the  source  of  the  Wind  River  Mountains, 
assingdown  Big  and  Little  Sandy  creeks  to  Green  River,  and  explor- 
ig  the  northern  slope  of  the  Uinta  Mountains.  From  Fort  Bridger 
ie  route  lay  southward  to  Henrys  Fork,  which  was  explored  down  to 
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its  junction  with  Green  River  proper.     From  Green  River  Station  the 
route  followed  the  old  stage  route  up  Bitter  Creek  by  way  of  Bridger  I- 
Passand  the  Medicine  Bow  Mountains,  across  the  Laramie  Plains,  and  |r: 
through  the  Laramie  Range  by  way  of  Cheyenne  Pass,  back  to  the 
point  of  departure. 

Studies  were  made  also  along  the  line  of  the  Pacific  Railroad  betweee  J,-- 
Cheyenne  and  the  Salt  Lake  Valley.     No  topographer  accompanied 
the  party,  and  the  maps  used  were  those  constructed  by  the  engineer- 
ing department  of  the  Army,  which  were,  however,  so  inaccurate  that 
to  delineate  the  geology  upon  them  in  any  but  the  most  general  way  | . 
was  practically  impossible. 

During  this  season  Ha3'den  worked  out  the  sequence  of  the  Carbon- 1^ 
iferous  and  Cretaceous  rocks,  and  made  the  subdivisions  of  the  latter 
into  Dakota,  Fort  Pierre,  and  Fox  Hill  groups,  which  are  still  recog- 
nized. He  remarked  that  some  of  the  fossils  found  in  southeni 
Nebraska  seemed  to  possess  Permian  affinities,  though  as  they  all 
extended  down  into  the  Coal  Measurers  they  could  not  be  considered  as 
characteristic,  and  therefore  those  rocks  which  he  had  previously 
mapped  and  colored  as  Permian  should  be  relegated  to  the  Pernio- 
Carboniferous. 

He  noted  the  occurrence  of  Potsdam  sandstone  with  Ohyldla  nana 
and  Lingula  at  South  Pass  on  the  south  side  of  the  Sweetwater.  The  i 
massive  granites  as  well  as  the  intercalati»d  stratified  gneisses  extend- 
ing from  South  Pass  City  iicai'ly  to  Pacific  Springs  were  all  regarded 
as  of  sedinientarv  oriLnn.  lie  showed  that,  near  the  close  of  the  Cre- 
taceous  ])eri()d,  the  (uM^an  oxtiMided  all  over  the  area  west  of  the  Mis- 
sissippi from  the  Arctic  circle  to  the  Isthmus  of  Darien.  A  little  later 
the  great  watershed  of  the  continent  was  marked  out  and  the  marine 
waters  wen^  s(*paratc(l  into  more  or  less  shallow  seas,  lakes,  and  inai*shes, 
within  whicli  <rr(^w  tlie  abundant  forests  that  went  to  form  the  ('(d 
beds. 

Fi'oni  a  study  of  tlu'  character  of  the  vegetable  impressions  fouiui  in 
these  IhhIs,  lu'  arj/ucMl  that  coal  strata  of  contemporaneous  origin  nmy 
be  ])urely  niarin(\  purely  fi'esh  water,  or  l)rackish,  dependent  upon 
local  conditions.  He  ])ointe(l  out  that  the  sea  had  not  had  access  to 
the  Salt  Lake  X'allev  since  middle  Tertiarv  times,  the  sediments  from 
800  to  l.^Joo  feet  in  tliickiiess,  called  by  him  the  Salt  Lake  group,  l)ein<^ 
regarded  as  of  Pliocene  age  and  contemporaneous  with  the  Niobranu 
Arkansas,  and  Santa  Fe  groups,  and  of  fresh  water  origin. 

This  report  of  llaydcMj  was  accompanied  ])v  special  reports  InMeek 
on  the  in\  ert(»brate  paleontology.  byC^opeand  Leidy  on  the  vertebrate 
paleontology,  by  L(\s(piereux  on  paleobotany,  and  by  Newberry  on  the 
ancient  lak(\s  of  west(M-n  North  America.  Th(»  volume  marks  the 
})esrinnin<r  of  (\)])e's  work  with  the  Havden  survev,  which  resulted 
later  in  f/je])roduction  of  the  two  monographs  on  the  vertebrata  of  the 
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eous  arid  Tertiary  foiiiiatioriA  of  the  West,  the  latter^  popularly 
k8  'ICdjie'd  Primer,"  a  pildgj-  voiume  of  l,(KHt  ™..frfe^  and  IM 
^^  pidt^:  with  thJH  yeftr,  too;  beg&h  ;t^...a<jli»l  ^otk;  WHic|i 
id  in  the  production  of  whst  \frei;e  at  the.  ti,me-m^  tihesti  Iftliij- 
photiigpLphs  ever  takbn,  and  tvliich  feXcited  the  wbrldcr  ahd  aditli^" 
oi  gepH^tsta  the  Vbrld  over. 

i7i,^ithftn  appropriation  of  ^0/hK),  Held  operations  were  trant;- 
to  Montana  and  portions  of  adjacont  territories,  including  n 


To  tiie  party  of  the  ypar  previoim  v 


H»<Jni 


the  Yellowstone  Park. 

added  A  n  - 

ton    H<rhOii. 

horn,  t  o - 
>heri  G.  N.  Allen,  Iwt- 
and  br.  A:  Ci  PealB. 
ktogiSt;  The  route  lay 
)gtlt'nit'lali,  along  the 
of  f^t  Lake  to  Wil- 
!ity;  thfence  throiigli 
SMStch  range  to  Cash 
,  and  up  the  vullej' 
divide  between  the 
ake  and  »nake  River 
.  From  this  point  thyy 
ded  Marsh  Creek  to 
lake  Ittver  baeiii  and 
[{all.  Following  the 
■<nite  to  Virginia.Tiinc- 
ley  croHsed  Hlack  Tall 
'reek  near  its  source: 
down  the  Stinking 
to  Virginia  City ; 
rroNsing  the  divide 
rd  to  the  Madison 
they  descended  the 
about  80  miles  and 

.1  over  the  other  divide  to  Fort  Ellin,  at  the  head  of  the  (lallatin 
From  Fort  Ellis  tliey  pa-naed  again  eastward  o\er  the  divide 
m  the  Yellowstone  and  the  Missouri  to  Holtler'y  ranch,  where 
tablished  a  permanent  camp.  A  portion  of  the  party  then  pro^ 
,  up  the  Yellowstone  and  entered  the  park  area,  surveying  the 
lOth  hot  springs  on  (Jai'dners  River,  the  Grand  Canyon  of  the 
'Stone,  the  upper  and  lower  geyser  basins,  and  the  lake.  On 
ingto  Bottler's  I'anoh  in  August,  they  passed  down  the  Yellow- 
o  Shields  River  and  Fort  Ellis,  and  thence  dowix  ^V*>.  *oiVi\\a.M\"R  \<:i 
Forks,  up  the  JefferHon   to  the  Beaver  \l«aA  ^.xwa^iV  «u4.  \» 


Cop"  n-flh  Kkiill  of  Loiolopho- 


b^fi 
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IIurHi''  Pliiih  Civek.  and  hitosk  the  iiialii  Rot^kj  MotinUtin  dlride  to  Uh' 
hcftdwaUTs  of  Medicine  IjOdgfl  Creek,-  into  the  8Hake  River  baain. 
to  Foit  Hall  onte  more,  and  thonce  atTOte  the  luouiitHitis  to  the  hau) 
of  Bear  River  and  np  the  river  to  E^-an^tAn,  oh  the  V'nion  Rwttii' 
Railroad,  where  the  party  disbanded. 

As  in  years  pi-evioiis,  Messrs,  Cope.  Lesquei-eux,  Ijeidy.  Meek.  New- 
bef  1-y,  and  olhfirs  served  as  colhiliorators  in  their  es[>eciHl  fields.  The 
hot  springs  aflrf  geysers  were  described  in  considerable  detnil,  and  the 
fact  tbnt  tlicy  weie  but  the  feeble  hlariifestations  of  dying  volcanic 
energy  recogtiized.  It  was  slioffn  that  the  mountain  ranges  passed 
o\er  lie  along  the  iHHiters  of  Hynclinal  valleyw.  which  were  originally 
the  liiusins  of  fresh  water  lakes,  and  that  all  the  ranges  had  a  general 
north  and  south  or  northwest  and  southeast  trend,  and  were  here  and 
there  connected  by  cross  ehainy;  that  the  three  main  branches  of  the 
MinHouri— the  Miidison,  JetTerson,  and  (iallatln— flowed  through  Val- 
lejs  now  extending  to  a  width  of  3  to  5  miles  and  now^  contnu-ting  to 

narrow  canyons,  the  expansions  of  whith 

^^M^^^  had  all  iH'cn  lake  Inisins  within  late  Tertian' 

^^^^^^m  and  i>erhap.<<  early  nuaternary  times.     The 

^^^^^H  valleys  were  regarded  as  in  part  <liic  to 

^^^^^H  erosion,  but  for  the  niout  part  as  nvni-li- 

^^^KK^^^_^_  "'^'  f<^l'l'^-  tbe  intervening  nioiintjiin  rlA^f 

^^^■^^jB^  being  wedjje-like  mii.swe>  of  C'lirlionifenms 

^PL     ^T  Uniestones. 

^B"  'y  Tbo  work  dune  this  year  by  Ilaydeii  ani 

^"^^^  his  piirty  rt'siilted  in  the  setting  aside  of 

^^^^^^^L  the  YeUowstone  region  as  ii  niitional  jKirk, 

^^^^H^^^^  In  wtthappro|iriati<>nsiiii'reiisedlo 

^^^^^^^^^J     $;.->. IMM).  lluydi'n 

Pi, .  wi —Kill, iiii.' iiriiiff.nl  v.vk       p»rtii's.      The    liist.    niider    his   inimrdialo 

i-lmrgc.  cnnsisting  of  AdolT  Hnn-k.  ehict    ' 
to|  login  pile  r:    Hrnry    (liiimett.  Hstn.noiiier;    A.    K.    Brown,   tt^sistant     I 
h.pogniplicr:  K.  1{.  Wakertcld.  metoor<dogisf,  A.  C.  Peale.  minemlo- 
gt.-t:  \V.  II.  I  Idliiies.  artist,  and  \V.  H.  Piatt,  natnndi.-t 
Mom^l.T^?!"  '"    'I'lii^  'livisiun  left  Fort  Ellis,  Montana,  and  explored 

the    bi'iidwjiter!-   of    the   Yellowstone,   (iallatln.  uiid    | 
Madison  riMTS  in  much  more  detail  than  had  been  done  during  the 

The  second  or  Snakf  River  division,  under  the  directorship  of  .lame* 
Stevenson,  included  Frank  H.  Bradley,  eliief  geologist;  W.R.  Taggerl. 
assistant  gi'ologist;  (Justavus  R.  Becliler,  chief  tj)pographer:  Adolph 
Herring  luid  'riioina-^  \V.  Jaycox,  assistant  topogmphers;  Willium 
\ieliols<.n.  luetcMolngist;  .lobii  M,  Coulter,  botanist;  Dr.  -losiah 
( 'iirti.i),  surgeon  tiiid  uiitiiraUst.  aud  William  II.  Jackson,  photogmpher. 
This  (livi<U>n  visited  the  Si\aW  "Rive.v  v«  \a>\'j\* ■? oxV  ol  Wx^^ OAWmbin 
Jii  Idaho  and  Wyoming  tevv\tovW>^,  a.  ve%\oT\  xxi^  X»  ft»S.  \Avafc\«&t 
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jiown.  The  Teton  Mountaintt^a  proiiiiReiit  range — were  ajicended 
ty  SterensOD  on  thit^  trip,  this  being  the  first  time,  it  was  claimed, 
hat  the  feat  had  been  accomplished  >>y  a  white  man. 

Professors  Leidy  and  Cope  spent  a.  largo  part  of  the  sunmier  in 
(tudying  the  ancient  talce  liasins  in  the  interior,  and  olitained  the 
oateiials  detMsribed  in  VoiumeM  I  nnd  '2  of  the  quarto  liniil  i'e)H>rtH. 
Lesqnereux  spent  seveiiil  months  in  exploring  the  coal  beds  to  ascer- 
ain  their  geolc^eal  position,  and  F.  B.  Meek  nnd  H.  M.  H&nnister 
studied  the  invertebrates." 

From  a  preliminary  study  Lesquereiix  was  inclined  to  call  the  lignite 
ledti  mostly  Eocene.  Meek  regarded  them  as  Upper  Cretaceous,  pass- 
ng  through  transition  beds  to  the  Eocene,  and  Cope  regarded  them  as 
Cretaceous.  Hayden  in  this  report  gi^'es,  liimself,  a  brief  review  of 
iie  opinions  held  and  the  evidence  on  which  same  is  ba.sed,  and  con- 
;luded  that  the  deposition  of  the  lignite  strata  began  during  the  latter 
N>rtion  of  the  Cretaceous  period  and  continued  on  into  Tertiary  time 
vithont  any  marked  physical  break,  so  that 
nany  of  the  Cretaceous  types.  i'N[H:ciaIly  . 
»f  the  vertebrates,  may  have  Hngerc'd  on  , 
hrough  the  transition  period  even  into  the 
Tertiary  cpot^h. 

In  thifl  report  Hayden  called  attention  to 
»ne  feature  in  the  geological  structiire  of 
he  mountains  of  Montana  obser\ed  by  the 
«rvey  during  the  past  season  for  the  liist 
Irae  and  not  noticed  in  such  a  marked  de- 
free  in  any  other  portion  of  tlie  West,  and 
hat  is  the  inversion  of  the  xedimeiitary 
)eds,  so  that  the  oldest  incline  at  a  greater 
>r  less  angle  on  those  of  more  modern  ages. 
Ys  illiLstrative  of  this,  he  gave  au  east  nnd 
west  section  across  the  Flathead  Pass  in  the  East  (iallatin  range,  the 
•entral  portion  of  this  range  being  composed  of  Carboniferous  [iine- 
itone  standing  nearly  vertically.  A  similar  illustration  of  invevsi()n 
UBS  given  by  Peale  in  his  report  on  the  geology  of  Jackass  Creek  on 
:he  upper  Missouri  River. 

Another  point  to  which  Ilayden  called  attention  in  this  report  was 
:he  fact  that  the  streams  "seem  to  have  cut  their  way  directly  through 
:he  mountain  ranges  instead  of  following  synclhial  depi'ossitnis."  indi- 
cting, to  his  mind,  that  they  began  the  process  of  erosion  at  the  time 
)f  the  commencement  of  the  elevation  of  the  surface.  (See  also  Powell, 
J,  566.)  The  period  of  intense  volcanic  activity  manifested  in  the 
fellowstone  re^on  he  tliought  to  have  probably  commenced  Home- 
rhere  during  later  Miocene  or  early  Pliocene  epochs. 


T  also  reported  oa  a  geolojfical  rei.-oiuiuBsanc«  ft\ul^s  \iift  Mvivaw  ViicAv. 
iailroad  tbia  suae  yew. 
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With  Cope,  Jjoidy,  and  Marsh  all  in  the  field  of  vertebrate  paleon- 
tology at  one  timo,  it  is  not  Htrange  that  a  spirit  of  rivalry,  if  not  of 
personal  jptilousy,  should  have  arii^n.  This  found  expre-ssion  in 
nuirieruus  iiintjinces  which  tit  this  date  are  only  amusing,  howerer 
serimiH  they  nuiy  at  the  time  liave  seemed  t<i  those  most  interested. 
'Tbua,  i\>\K  in  IS6H  deHcribetl  and  fi^ired  remains  of  a  iimrine  saunan 
from  the  Cretiif«oiis  of  Khhshh,  to  whith  he  gave  the  name  of  fCian- 
iiuiiaturitK  jilafyiirui.  Irfidy,  ever  on  the  alert,  made  a  reexauiiiiatioD 
of  the  materials,  and  iit  the  meeting  of  the  Philadelphia  Academy  on 
March  8.  1>I70,  announced  that  the  rcmairitt  were,  in  reality,  those  of 
an  Knaliosaunan  and  elo^ly  allied  to  Plei<iosaurus,  and,  further,  tint 
Cope's  error  in  identitioation  lay  in  hiw  having  dei«!ribed  the  animal— 
the  skeleton  of  which  was  without  a  skull  and  quite  incomplete— in* 
reversed  position  from  the  triK^  one." 

In  1h73.  with  appropriations  the  same  as 
for  the  previous  sea-son,  the  field  of  opera- 
tions was  transferred  to  Colorado,  thin  in 
pail  owing  to  the  exi>ense  of  tninsportation, 
sulisisU'Dce,  and  lalxir  in  regions  so  remote 
lis  those  of  the  upper  Missouri,  and  in  partto 
the  hostility  of  the  Indians. 
1  he  party  rendezvoused  at 
Denver.     The  area  decided 
veyed  comprised  the  eastern 
nmintiLinoiis  part  of  Colorado. 
lo  three  districts  known 
Middle.  Hnd  Southern.     The 
their   iLssiginnciiIs   were  f 

•cted  liy  A.  K.  Marvine.  assist- 

Heililer.    to|«>ffr!ipher,  and  S.    B.   Ladd, 

South    Park   division,   with 

;•:  l>r.  \.  ('.  Peale.  geoli^ist: 

IMtiun  hy 
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Caf^ert,  aaaistant  geologist;  Henry  W.  Stuckle,  asstHtant 
Ker,  and  J.  H.  Batty,  naturalkt.'  The  third  or  San  Liiii^ 
vafi  in  charge  of  A.  D.  Wilson,  topographer,  with  (Jeorgc  M. 
in,  assistant  topographer,  and  Dr.  F.  M.  Endli<-h,  geologist. 
)rk  of  this  year  extended  as  far  wcstwaitl  in  (.'olorado  as 
"ark.  the  KIk  MountaiiiN,  and  the  San  Luis  L'ark.  It  whs 
iiH  season^s  work  that  th^^  peculiar 
of  subaerial  erwtion  of  Monunit^nt 
Colorado  were  dewTibcd  and  fig- 
ieh  have  so  frequently  served  thi^ 
of  reproduction  in  the  te.xt-lHH>ka, 
lerful  instanceu  of  complete  over- 
of  immense  groups  of  beds,  as 
d  in  the  VA\(  liange,  were  again 
referred  to,  atten- 
tion being  culled  to 
the  fact  that  for 
scvenil  miles  there 
is  a  double  scries 
fi'oni  the  Silurian 
up    to    the  CJreta- 

ceous,  inclusive,  which  had  been  thus  in- 
verted. In  this  ii'port,  loo.  were  given  the 
examples  of  inversion  in  the  Snow  Alas-s 
Range  and  the  view  on  Uoi-hes  M<nttoiines 
C'n;ek,  Iwth  of  whiili  have  served  their  pur 
pose  in  the  text-l)ooks  of  Dana  and  Im  Cont*. 
The  question  of  the  age  of  the  lignite  beds 
occupied  the  attention  of  nearly  all  the  work- 
ers in  the  Jield  (see  p.  647).  I^squercux.  in 
his  chapter  on  the  lignite  flora.  argue<l  in 
favor  of  the  Kocene  and  Miocene  age  of  the 
beds.  Though  not  denying  the  presence  of 
animal  Cretaceous  remains  in  the  lignite 
stmta,  he  regarded  the  "presence  of  some 
scattered  f  nigments  of  Cretaceous  shells  a«  of 
little  moment  in  comparison  with  the  well- 
™riedbeiii>..(Jaiii.  marked  ehai-acters  of  the  flora."  Meek's 
(AHma.  .  sue.)  i„y^,,.t<.|,r,itc  work,  moreover,  he  regarded  a.s 
I  favor  of  the  Tertiai'y  hyiwthesis.  To  Cope's  conclusions 
Tertiary  flora  was  contornpoi'aneous  with  a  Cretaceous  fauna, 
ing  an  uninterrupted  succession  of  life  at^ross  wliat  is  gene- 
arded  as  one  of  the  greatest  breaks  in  geological  time,"  he 
eption,  a.s  it  did  not  appear  to  exactly  conform  to  facta. 
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f  the  yciirw  ls74  to  isTti  work  under  tjssontially  the  same  con- 
)i--i  eoiitiniicd  l)v  tlu'  Haydt'ti  survey  throiifrlioiit  Colora(]«.  tW 


«[i|)i-oiir!atioiis 
when  they  dropjx'd 


i»tr  *7ri,tNiii  aiiiiiHilly.  with  the  exception  of  IST*!. 
(HMi,  The  individual  work  of  llnydeii  him- 
self  iKfoiiies  tjradually  h>ss  conspicuous  iu 
Ilie  repoil-s  issued,  owinjr  to  the  increii!*ii 
lunonnt  of  udniiiiistmtivc  work. 

Ill  l»~-t  the  jwrty  under  direction  of 
A.  li.  ^h^rvinl■  wns  engsi}fe<l  in  the  soullkem 
portion  of  Noi'th  I'lirk;  thiit  under  I)r. 
A.  ('.  IViili-  in  the  region  lK>unded  on  the 
mirth  liy  tlu>  tji^rle  mid  Gnind  rivers,  on 
the  eiist  by  the  one  hundred  and  seventh 
luciidiaii,  im  the  west  hy  the  State  line,  nnd 
-111  tlie  sdutli  hv  hititude  3S  '20'.  The  third 
division  under  A.  I>.  Wilson,  with  F.  M. 
Kiidliih.  ffeoh>>rist.  was  assijrned  to  whati* 
kiiiiwn  US  tlie  San  .luiin  district,  and  the 
fourth,  under  the  iiiunediate  directicin  of 
Doctor  Ilavden.  with  Vt'.  11.  lloiines  as  artist  and  fteolotjist.  to  the 
Elk  Mouiit^iin  iv;;ioii. 

Ill  the  ivport  fur  lsT+  Ihiyden  deviit.'<lcorisideml»le  att*?ntioii  to  the 
stratijri'iipiii.-  po-ilion  of  llie  IJjrnile  yroiip.  ;i  discussion  of  which  miiv 
lie  r.'l'ein>d  In  later.  l'iT!ia|>s  the  most  sirikiiif:  feature  liroutrht  out 
in  the  «oik  ..f  llli>  vear  Ha.-  that  ivlative  to  the  Klk  Mount«ins.  This 
niiij:,-  was  n.^rj„.,|,Ml    l.y  Haydeii  as  a  -raiid 


11I1-. 


-iinds  nf  i..,.|   nf  -iriua. 

nd   llie   isv 

"■rn|-  ,>.,,k-.  all,.o,np.„ 
-."  iMiliciiliii;.'  1"  liiiii  lii'i' 

d  of  erupt 
.,1s  .>f  viol 

Ilin 


:iii.l.-ita.lrii|iliii-  ;i.-liuii.  flli,- [.nval  lliii't- 
iic—  ,.(  ..■.|iiii,-ni:iiv  Miiili.  »l.i,li  liad  l.'.'n 
[iinii-il  II,  111,.  |,,||i,-t  |„,iiiK  ,,r  til,,  iixiiil 
i!,l»i.  ill  II  iii.|i|.K  li,,i-i»,iiliil  piisiii,,!,  li,' 
lliiiii;;!,!   niit'lil  I.-  ,.N|,liiiii,.,l  ,mi  tli,.  sii|i|i„- 

.-ili,lllllllll   III  ,>lll.  ti 111,.  ^i.,lilll|.|l1lll',V   1INI^< 

■ri-Ullill..  Illlli   tlllll     111,.   I„|.|.|.s    ill  til,,  illli'ri,)|.  ¥'■■■  l|.-.--.,ri.|iiU,l,l  i:..l„.r,-..;; 

wi.iv  .IriiKsliiiir  I"  liiiil  vi'l  »"'!  ,.|iiTi,„l  """""' 

upwai,!  Ill,'  ,.iilir,.  ,>v,.rlyiii;r  iiiii".      TliU  ili-^criptioii  is  of   iiit,T,'>t 
wli,.|i  till;,. II  ill  ,.,,1111, ',.11,111  with  on,,  liy  Miifvliii'  till'  year  previiiiis  a' 

.sliimiii'.r    til.,    jriialiial    i iitluii  ,.f   tli,'    la,-,.„litiru.    idoii   aflerwai-ils 

«„i.k,.d  ,1111  ill  ,l,.|ail  liy   lli'liii,'^.  1','ali'.  anil  (;illi,'ft.  tii  wliii'li  I  «ill 
mill  i-i-fvr. 
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ButllM  «.t!U5ft 


Fig.  1.  Section  arntaii  North«'rii  <!roup. 
7  mile« 


In  defcjcribing  the  Sierra  La  Sal  south  of  the  Gunnison  in  the  report 
for  1875,  Peale  compared  them  in  structure  with  the  Elk  Mountains — 
that  IS,  as  of  eruptive  origin.  ^"By  this/'  he  wrote,  '•!  mean  that 
the  sedimentary  strata  have  been  lifted  up  by  eruptive  rock  which  has 
broken  through  them  in  some  places,  and  in  others  is  seen  only  as  the 
result  of  subsequent  erosion."  As  illustrative  of  this,  he  gave  the 
figure  reproduced  here.     (Fig.  lOfj.) 

The  idea  thus  advanced,  seems  to  have  been  contagious,  for.  in 
the  same  report  Holmes  described  the  Sierra  El  Late  as  formed 
of  a  numl>er  of  distinct 
bodies  of  trachy  tic  rock 
that  had  reached  their 
present  horizon  through 
closelv  associated  vents, 
frequently  l>ending  up 
the  sedimentarv  rocks  at 
a  high  angle  around  the 
borders,  the  upturned 
strata  including  the 
lower  part  of  the  Middle 
Cretaceous  shales  and 
portions  of  the  Dakota  g 
sandstone.  His  obser-^ 
rations  tended  to  show, 
to  quote  his  own  words, 
'*  that  there  had  l>een  a 
sort  of  absorption,  so  to 
speak,  of  the  shales,  and 
that  at  least  half  of  the 
space  through  which  the 
trachyte  is  distributed  is 
occupied  by  the  crushed 
and  metamorphosed 
frajniion^  of  shale.  As  a  consequence  the  height  of  the  arch— such  as 
may  once  have  existed — would  not  equal  the  height  of  the  trachytic 
I,  as  only  the  higher  layers  of  shale  (»xtend  entirely  over  it.  His 
r^farding  the  formation  of  this  mountain  can  be  best  understood 
by  reference  to  tig.  107,  copied  from  Plate  4<>  in  the  report  for  1875.'' 
(See  further  on  p.  622.) 

«The  views  reganiing  thiH  method  of  mountain  formation  were  Hu])se<iiiently 
summed  up  by  Peale  in  an  article,  On  a  Peculiar  Ty|)e  of  Kniptive  Mountains  in 
Ck)loiudo,  which  was  published  in  No.  8  of  the  Bulletins  of  the  Geological  Survey, 
May  15,  1877. 


iUm  tf,DinoTr 


Fig.  2.   Section  arrota  Middle  Group. 
7  tiiiloi 


iUm  «,Hi«tft.  Pig  3^   Section  arrosa  Snotheni  Group. 

7  milea 


Dakota 
IClctaerWM 


Jim  Trta»  HTJ  ]<U«wole  C     ]  TtkchyU 


Scrtions  acroM  the  SIEKKA  LA  SAL. 
Cor  IIbm  iw«  map  o«  PUm  V. 

Fig.  100.— (After  A.  C.  Peale.) 
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In  the  season  of  1876  C.  A.  White  was  at  work  in  noi-thwest  Colo- 
rado, including  the  area  l^^ng  between  the  Uinta  and  Park  ranges. 
F.  M.  Endlich  was  engaged  in  the  survey  of  the  White  River  district, 
A.  C.  Penile  of  the  Grand  River  district,  and  W.  H.  Holme^s  of  the 
Sierra  Almjo  and  West  Miguel  mountains. 

In  the  interval  between  tlie  issue  of  the  reports  for  1875  and  1876 
Hayden,  at  the  suggestion  of  King,  had  decided  to  call  the  transition 
group,  heretofore  referred  to  b}^  him  as  Lignitic  and  the  exact  geolog- 
ical position  of  which  was  still  in  dispute,  the  Laramie  group. 
The  report  of  this  \'ear  contained  little  that  is  new  or  striking,  the 

work  resulting  mainly  in 

an  extension  of  our  knowl- 
edge of  the  geographic 
i^ange  of  various  geological 
formations.  White,  work- 
ing in  the  Uinta  region, 
aptly  compared  the  struc- 
ture of  Junction  Mountain 
to  a  displacement  which 
might  l)e  illustnited  bv  the 
action  of  a  large  punch 
worked  bv  machinerv,  the 
perforated  heiivv  iron 
pliites  being  somewhat 
torn  in  places  and  nowhere 
clearlv  cut  throuiifb  in  the 
process  of  punching.  The 
work  of   White  this  year 

ft 

as  a  whole  contii-med  the 
view  held  bv  Ilavdcntlmt 

ft  ft 

those  iiirnitic  or  Lanuiiie 
beds,    as     thev     ai*e     now 

ft 

called,  are  of  a  transitioiml 
nature. 
The  field  work  for  ('<>Io- 
rado  was  coinplctcd  in  ISTr).  The  following  year  (1S77)  the  work  \va> 
extcndcMJ  noitlnvard  into  Idaho  and  Wyoming.  The  geological  work 
was,  as  l)ofon\  assi^-nod  to   Drs.  F.  M.  Kndlich  and  A.  C.  Peale.  with 

tlio  addition  of  Orostos  St.  John.      Kndlich  worked  in 

Work  of  Hayden  In         ,  ,  .  n      i      •       ^i       /  i  t^*  j*, 

Idaho  and  tlio  Swootwator  rogioii,  rcale  in  the  (rreen   Kiver  div 

Wyomlng,  1877.  i     ^'.      t    i         -      \\       '^   a.  i-    i.    •    i. 

triot,  and  M.  John  in  the  Leton  district. 
S.  II.  Souddor  spont  two  months  of  the*  year  in  Colorado,  Wyom- 
ing, and   rtali   in  collecting   fossil   insects,  which   were  subsequently 
described   in   the  thirteenth  monograph  of  this  survey.      Sir  Joseph 
IIookoi\  director  of  the  Kew  Uiu*c\e\vs.  Vaxv^WuV-^ux^  V^of.  Asa(Jniy, 


F.6-.2. 
Arxhtnff»f'»tr-rtia  /trti<Oirt(t  by  >ntru*inn  of » ingle  mnt*  uniftirmly 

rir*t  fibvtrrf. 


KiC  .'J.  ..... 

£?tyrTr  of  arrhmg  rratfy  pnnlucrd  by  (hr  >  rtvjfular 

Intrusion  o/^mrrysps  of  Trftchytc- 
ii  terra  el  Late. 


•  ft  •       »  •* 


Fk;.  107. 


-S»'('ti»»nv  ncrov^i  tlic  Sicrni  t-l  Lulc.     (Aftt-r  W.  11. 
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mbridge,   Massac hui^etbi,  accompanied   the   party   for   a   time, 

g  valuable  botanical  collections. 

lohn  noted  the  overturned  character  of  a  portion  of  the  (^ribou 

and  made  numerous  sections  across  the  Teton  Uange.  IVale 
that  in  the  region  of  the  Blackfoot  Riusin  the  structure  was  that 
«rie»  of  anticlinal  and  syndinul  folds,  the  streams  sometimes 
t'tng  the  .'^ynclines  and  Konietimes  the  mono<-lines.  Also  that 
were  at  least  three  parallel  anticlinal  axes  having  the  general 
on  northwest  and  southeast. 

den's  twelfth  and  last  annual  report,  l>caring  da.tt'  of  1871'  (1«83), 
■Hued  in  the  form  of  two  voltimes  of  upward  of  twelve  hundred 

and  included  the  work  of  the  corps  for  the  ticld  season  of  1878 
and  the  office  work  until  the  dosing  up  of  the  survey, 
J^J^'"     which,  by  law,  took  effect  June  30,  llS7it. 

The  headquarters  of  the  survey  were  at  Cheyenne, 
ling,  as  in  previous  yearw,  and  but  four 
*  organized.    The  geological  work  was 

the  charge  of  W.  H.  Holmes.  A.  C. 

and  On-stes  8t.  John,  and  tilt'  [Mile- 
gicul  work  under  Dr.  C  A.  White, 
olmes  made  a  general  sur\e}'  of  the 
while  Peale,  a.ssisted  by  J.  E.  Mush- 
was  <x^cupied  in  making  detail  studies 

geyser  and  hot-spring  localities. 

porty.  with  St.  John  a.s  geologi-sit, 

ed  the  Wind  River  Mountains  and  a 
n  of  the  Wyoming  and  (iros  Ventre 
i.  The  work  of  the  topographic  paity 
Wind  River  and  (Jmnd  Teton  re- 
was  hampered  by  their  being  roblied 
their  animals  and  a  portion  of  their  outfit  by  ho.-itile  hands  of 

ing  the  siimmer  of  1877  Prof.  S.  H.  Scudder,  with  a  jiarty, 
I  the  Tertiary  lake  basin  at  Florissant  and  made  an  extensive 
ion  of  fossil  insects,  the  published  descriptions  of  which  have 
;his  region  classic. 

two  volumes  mentioned  are  almost  monographic  as  far  as  the 
>rings  and  geysers  are  concerned,  and  are  rendered  unusually 
:ive  for  their  time  by  the  sketches  and  panoramas  of  Holmes, 
gave  a  detailed  description  of  all  the  springs  and  geysers  of  any 
tance  found  in  the  park,  describing  and  tabulating  over  a.niiO  of 
rmer  and  71  of  the  geysers.  Holmes's  report  was  accompanied 
06  brief  petrographic  descriptions  by  Capt.  C  E.  Dntton. 
F.  V.  Hayden  was  born  at  Westlield,  Massachusetts,  Septenit>er  7. 

His  father  dy  in^'  when  he  was  but  ten  years  o?  »v^e  a.wi.V\*  \\\oX!!&s;\ 
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•  -'         payiiiir  a!]   lii^  »iwii.\- 

|M-n-t-^    fr«irii    rl:«-  liii:*- 

In*  <Miti-r«-*l  until  •jni'i'i- 

■    ^        at  ion.     Till'"**.*   furi«»  aiv 

I  nicfiitioiu'd.   >iiiri'   ili-'V 

m 

'  -- —    sbiiw  the  chanuitT  «>f 
'  •    I  '  ^'      .v--  tbi' iiiaii  and  tMialili- «'!!»' 

I        "    tn     uinl«T^tand     Utirl 

_  — 1^: tin-  rau^i'-  nf    lii«.   ^i;.  - 

rr.-*-*  in  afttT  liff.  It  > 
inipurraiit  to  rmtf. 
lni\v4«\iM-.  that,  owiii'j 
tn  hi>  >li\  ni'«^>  and  dill! 
(hMn-f.  his  f«dlu\v  **tu 
I  dr!it.>  did  nnt  pnMl'ui 
'  iiiv  him  a  pruminrni 
can'tT.  not  withstaml- 
intjf  his  acknowh'dtrf'l 
S4*h<)hirlv  iiahits. 

Aftrr  jifradiiatiniT  ln' 
studied  nicdiciiu'  ami 
riM'rivcd  tho  d<HrnH'  (»t 
M.  I),  ill  ls:,:5  at  Al 
i»aii\,  Nrw  Vdik.  W  liilr  ln'ic  \\o  iKM-amc  actiuaintcd  with  Piof.  danir- 
IhdI.  and  in  I  hr  spriiii,^  nf  T^."):;.  to^t't  her  with  F.  B.  Meok,  wi*nt  toth«* 
l»:id  LaniU  of  th«'  iipptM'  Mi<-ionii  to  make  conoctions.  as  alrratl} 
noli'd.  I'hi^  I  rip  niark«'d  tlir  hcirinnin*:'  not  oidy  of  his  si-iontitir 
rartMT  IkiI  aUo  ihal  «)!'  his  asscniation  with  Mcok,  which  hi>ttHl  until 
thr  latlrr'>  dralh  in  ls7<»,  an«l.  incidmtally,  t'urnislied  an  exaniph^  of 
/;//////r//n/>lrd  (•ollalM)ralini\  wiihuul  a  counti'i'part  in  tlie  hi>t<)rv  of 
Aiiii'iimu  i'r'doLTV. 
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Hayden's  scientific  career,  ho  promisingly  begun,  was,  however,  i  fiter- 
pted  by  the  outbreak  of  the  civnl  war,  when  he  promptly  volunteered, 
taring  the  Union  army  as  an  assistant  Hurgeon  and  gradually  rising 

become  post-surgeon  and  surgeon  in  chief  to  the  Twenty-second" 
vi.sion  of  Cavalry.  In  June,  18^)5,  he  resigned  from  the  army,  but 
.9  subsequently  breveted  lieutenant-colonel  for  meritorious  conduct. 

the  same  year  he  was  elected  professor  of  geology  and  mineralogy 
the  University  of  Pennsylvania,  holding  this  chair  until  1872,  when 

-was  forced  to  resign,  owing  to  his  mpidly  increasing  duties  in  con- 
etion  with  the  Geological  Survey. 

In  1879,  after  the  consolidation  of  the  various  surveys,  Doctor  Hay- 
n  was  appointed  one  of  the  geologists  on  the  new  organization.  Dur- 
g  the  next  four  years  his  time  was  devoted  mainly  to  the  completion 

the  business  and  final  publication  of  the  reports  of  the  (joological 
id  Geogmphieal  Survey  of  the  Territories.  Ilis  health  In^gan  failing 
)on  after  his  acceptance  of  this  position,  anil  in  June,  1S82,  at  his  own 
a^iuest,  he  was  relieved  from  the  work  of  supervision  of  printing  the 
?port.s  and  assigned  to  duty  in  the  field,  sjHMiding  the  sunnners  of 
883-1S86  in  Montana.  Ilis  disease  {lonpinofor  ttta^rla).  however,  grew 
teadily  upon  him,  and  in  1S8<)  he  resigned  on  account  of  complete 
neapacitv  for  dutv,  thus  closing  a  career  of  nearlv  thiitv  vears  of 
Hual  service  as  naturalist,  surgeon,  and  geologist  in  coniu»ction  with 
he  Government. 

The  apparent  diffidence  which  impressed  Doctor  Haydcirs  fellow- 
itudents  at  Oberlin,  and  led  them  to  l)e  doubtful  as  to  his  future  course 
nlife,  chai"a(*terizexl  his  maturer  years,  and  to  those  not  well  accjuainted 
¥ith  him  made  it  difficult  to  account  for  his  success.  However,  enthu- 
tia^m,  persevemnc^,  and  energy  were  (jualities  equally  characteristic 
)f  him  all  his  life,  and  what  seemed  to  l)e  diffidence  wa*<  largeh'  the 
•esult  of  his  nervous  temperament.  The  secret  of  his  success  is  to  be 
•Qund  in  his  enthusiastic  frankness  and  his  en<»rgetic  determination  to 
•arry  through  whatever  he  undertook.  He  was  absorbed  in  the  work 
)f  the  Geological  Survey  and  bent  all  his  energies  to  its  success. 
Sxcitable  in  temperament  and  frequently  impulsive  in  action,  he  was 
feneroustoa  fault,  and,  although  ever  ready  to  defend  what  he  believed  . 
o  be  right,  he  was  willing  upon  the  presentation  of  evidence  to  modify 
lis  views. 

He  was  always  careful  to  give  due  credit  to  all  who  had  worked  in 
he  fields  he  afterwards  explored.  In  one  of  his  reports,  speaking  of 
hose  who  had  preceded  him,  he  says: 

Any  man  who  regards  the  permanency  or  endurance  of  his  own  reputation  will  not 
gnore  any  of  those  frontiersmen  who  made  their  early  explorations  under  circum- 
tances  of  great  danger  and  hardship. 

The  same  spirit  actuated  him  in  his  treatment  of  his  subordinates 
tnd  co-workers.     His  honesty  and  integrity  wer^  ww^owXA^di  ^\A\j^^s 
rork  for  the  Government  and  for  science  waa  a  \a\>OT  ol\o\^^ 
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The  fbllowiiig  extiHcl  U  i'r6m  nh  article  })v  Dr.  Aix-hiliaM  ( leikie; 
tiich  dire43trtr  of  thie  Geolojrieal  Survey  of  Great  Britain: 

Ifhen^  <iin  IW  h«>  <loiibt  that  aiiionji;  the  naine»  of  tliose  who  have  |>loiut»rt*J  in  iht  I 
iiiarvelouH  gfoU)>ry  of  western  North  Anierioa  that  of  F;  V.  IIay<ien  will  iiiwa}'^  j 
hol<l  a  hijfh  and  honnre<i  [jlaee.  Thij«  plane  will  W  hii*  due  not  only  beiiliRie  of  liij 
own  iHf.Ti*<msL\  aohievenientj*  in  original  exploration.  Hi?  earlier  work  exhihit*  mufh 
of  tliat  instinctive  t-apacity  (nt  grasping  geological  fttnicture  whirh  i:*  tlie  main 
recpiisite  for  a  field  geol<^i(*t.  H«»  hA<l  a  keen  "eye  For  ctiuhtk-y."  Bn^  he  likt^wii^f 
(>osfK>sse4l  the  art  of  choot^ing  the  \}^t  men  fol*  hi8:i.<9isi^nt$  and  tlie  tart  o^  attracting 
them  to  hims<*If  and  hi.**  t*<»rp#.  \n  thi^  wiav  he  iii'<*rtnipH8hfe(i  niheh  exeipllent  work,  i 
keeping  hitni*elf  latterly  in  the  haokgroiind  >«o  far  afi  actual  i)er9onal  geological  invep-  | 
tigatlohH  weiV  oonoerne^,  ari<l  <*ontentin>?  liim^elf  with  the  laborious  ta-**k  of  orjrani- 
Itation  Und  Hiipervision  while  he  encourajre<i  and  pushed  forward  hin  cfMidiutorp." 

In  An  oUitilarv  notice  of  Doctor  Havden,  read  l>efore  the  Ainerii^an 
Philo5ioj)liicaI  Society,  Prof.  J.  P.  I^sley,  who  had  known  him  for 
many  years,  pays  him  the  following  tribute: 

He  represented  in  s<'ience  the  curiosity,  the  intelligem^e,  the  energy,  the  p^4lctlcAl  ! 
buMinesH  tiilent  of  the  western  people.  In  a  few  years  they  came  t<»  ado])t  him  as 
their  favorite  Hon  oi  science.  He  exactlv  met  the  wants  of  the  (Jreat  W^*st.  Ti»**re 
was  a  vehemence  an«i  a  sort  of  wildness  in  his  nature  Hs  A  »nart  whicli  w«ih  him  siic^ 
cess,  <'<M))K^rati(m,  and  enthusiastic  reputation  among  all  elas^'ff,  high  and  l(»w, 
wherever  he  went.  In  the  wigwam,  in  the  cabin^  ahd  hi  the  court-house  he  wai» 
etpially  at  home,  and  entirt»ly  one  with  the  jHn'yple.  lie  populariztsl  geology  on  the 
grandest  scale  in  the  new  States  and  Territories.  He  easily  and  naturally  attiliattHl 
with  every  kind  ui  exjklonT,  acting:  with  such  friendliness  and  manly  jnsti<*f  tuwapl 
those  wliom  he  enu>l«»v*'d  as  his  coworkers  tliat  thev  pursued  with  heartv  /eal  tin- 
<leveloi>nient  «»l  his  plans. 

In  dealiiii:  witli  the  puMic  men  <>f  tlie<'onntry  he  was  so  frank,  forcible,  and  .lir»'«t 
tliat  it  was  ini]M>s>il>K'  to  suppress  or  resist  liini.  lie  ha<l  the  western  jwople  a!  lii> 
back  so  heartily  and  nnaniin(»n>ly  that  In-  was  f(»r  a  long  time  master  of  the  M-i»-ntitir 
situation  at  Washington,  lie  was  a  warm  pen^onal  friend  of  Mune  of  the  hi;!}n^1 
otlicials  of  the  ( io\ <'rinnent,  \\ln»  never  faili-d  to  support  strenu<nisly  and  .-uncs."*- 
fully  his  surveys. 

1  think  that  no  one  who  kn(»\vs  the  historv  of  iri'oloixv  in  tlu'  I'nited  Stat«'<eaFi  fail 
to  lecojfuize  tJM'  fact  tliat  the  present  ma<:nilieent  rnite(l  States  <  ie«»loi:ii*al  Surviv, 
now  under  the  <lirecti(Hi  of  Major  Powell,  is  the  h'iritiinate  child  of  l)octor  llay'liii'' 
Territ<>rial  surveys. 

Accordintf  to  (\)p<\''  tb(^  Sioux  Indians  g-avo  to  Havden  the  naiiu' 
*"Tbo-niJin-who-pi('ks-uj)-r()cks-ninnin<r,''  ii  nani(*  which  was  certainly 
descriptive  of  (be  manner  in  wbicb  much  of  liis  work  was  nec<»ssurily  i 
don(\  Tbe  same  writer  stat(\s  (bat  at  one  time,  when  entniired  in  the 
exploration  of  the  Larami<'  ImmIs  of  the  upper  Missouri,  he  was  jau- 
siumI  and  linally  ov<M'takcn  by  a  band  of  hostile  Indian*^.  Finding  him 
armed  oidy  with  a  hammer  and  cjirryin^  a  ba^  of  rocks  and  fossils, 
wliich  they  emi)tie(l  ont  and  exafnined  with  much  surprise  and  curi- 
ositv,  thev  concliaU'd  be  was  in>ane  and  let  him  alone. 

"Nature,  XX  XVII,  Ki-bruary,  ISSS,  pp.  .Sl'8-.S27. 
''American  iieo\v>vi^s\,  \,  \^>^>*»,  v.  WVN. 
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F.  B.  Meek,  Hayden^s  collaborator,  was  born  of  Irish  parentage  in 

e  city  of  Madison,  Indiana,  in  1817,  and  during   1848-49  served 

assistant  to  D.  D.  Owen  on  the  surveys  of  Iowa,  Wisconsin,  and 

Minnesota.  Afterwards  (from  1852-1858)  he  was  assist- 
etch  «i  Meek.        ant  to  Jaincs  Hall  at  Albany,  New  York^  And  for  a 

portion  of  the  time  connected  with  the  geological  sut- 
y  of  Missouri  with  Prof.  G.  C.  Swallow.  As  noted  elsewhei'eij  ho 
came  early  associated  with  Hayden,  and,  though  ref Uvsing  to  l)ecome 
Bciall}'  connected  with  the  survey,  was  tacitly  associated  with  him 
itil  the  time  of  his  death.  Indeed,  all  the  invertebmte  fossils  col- 
cted  by  Hayden  in  his  western  explorations  were  studied  dnd  the 
suits  prepared  for  publicution  by  Meek,  although  appearing  mainly 
ider  the  joint  name  of  Meek  and  Hayden. 

On  leaving  Albany  in  1858  Meek  came  to  Washington,  where  he 
sided  during  the  remainder  of  his  life,  having  a  room  in  the  Smith- 
•nian  building.  He  was  moderately  tall  and  rather  slender  in  build, 
ith  a  dignified  bearing,  though  <iuite  diffident.  During  the  latter 
irt  of  his  life  he  was  also  deaf,  which  caused  him  to  avoid  social 
itherings  almost  altogether.  He  was  never  a  man  of  robust  health; 
deed,  during  a  large  part  of  his  life  he  was  more  or  los.s  an  invalid, 
enial,  sincere,  pure-minded,  and  honorable,  such  are  the  adjectives 
>plied  to  him  by  his  biographer.  With  the  exception  of  James  Hall, 
5  is  perhaps  the  most  widelj^  known  of  American  paleontologists, 
ideed,  had  Meek  possessed  the  tremendous  ph3\siquo  of  Hall  or  the 
)rvou8  energy  of  Hayden,  he  might  have  stood  alone  head  and 
loulders  above  most,  if  not  all,  his  contempomries.  As  it  was,  he 
d  his  best  work  onlv  in  the  service  of,  or  in  collaboration  with 
•hers,  never  as  an  organizer  or  leader.  It  is  true  that  in  his  first 
:pcdition  (under  the  patronage  of  Hall)  to  the  Bad  Lands  he  out- 
nked  Hayden,  and  that  in  numerous  instances  his  work  wjis  of  a 
gher  order.  Yet  his  mildness  of  chai^acter  and  lack  of  disposition 
>  assert  himself,  until  perhaps  too  late,  caused  liim  to  almost  invaria- 
y  occupy  a  second  place  in  an}^  organization  with  which  he  was 
)nnected. 

THE  FORTIETH  PARALLKL  SURVEY  UNDER  (^LARKNCE  KlN(i. 

In  1867  there  was  established  bv  Congressional  action,  and  almost 
holly  through  the  personal  efforts  of  C'larence  King,  what  has 
ince  been  known  as  the  (ieological  Survey  of  the  Fortieth  Parallel. 
.   ,  ^  ,       This,  thouijh  subjecit  to  the  administrative  control  of 

■OK  f  Sarvey  of  the  ^^  j 

onieth  Pandiei,       Gen.  A.  A.  Humphrey  of  U.  S.  Engineei's,  was  under 

the  immediate  direction  of  King,  to  whom  must  be 
Jv^en  almost  the  entire  credit  of  its  inception  and  successful  execution. 
The  immeditite  excuse  for  the  survey  was  the  desirabilit}"  of  ascer- 
^^ning  the  character  of  the  minei'al  resoureo.s  oi  IW  eovixvV.:^^  \^  \i^. 
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traversed  by  the  Paciiic  Railroad.  The  region  explored,  however, 
was  a  very  extended  one,  reaching  from  the  eastern  Colorado  range  to 
the  Sierra  Nevadas,  with  an  average  width  of  about  100  miles  aloi^ 
the  fortieth  parallel. 

The  plan  of  the  work,  as  outlined  by  Emmons,**  contemplated  making 
a  topographical  map  of  the  region  on  the  general  plan  of  those  made 
at  the  present  time,  i.  e.,  one  on  which  the  topography  was  indicated 
by  contour  lines  rather  than  hachures  on  the  hillsides,  the  then  pre-  j 
vailing  custom.  The  scale  adopted  was  4  miles  to  the  inch,  and  the 
original  area  divided  into  three  rectangular  blocks  or  atlas  sheets,  each 
about  1H5  miles  in  length  by  10(^)  miles  in  width.  Subsequently  two 
more  blo<^ks  were  surveyed,  making  the  total  area  surve^-ed  and 
mapped  some  82,500  square  miles. 

The  party,  according  to  the  author  above  quoted,  rendezvoused  in 
California  in  the  early  part  of  the  summer  of  1867,  and  began  their 
work  at  the  ea,st  base  of  the  Sierras  in  August,  with  J.  D.  Hague, 
Arnold  Hague,  and  S.  F.  Knmions  as  geological  assistants.  Though 
few  in  number,  the  force  was  beyond  question  the  l^est  equipped  of 
an\'  that  had  thus  far  entered  the  field  of  American  geology. 

The  winter  of  1867-68  was  spent  at  Virginia  City,  Nevada,  in  the 
study  of  the  Comstock  I^de,  the  mines  of  which,  then  but  1,000  feet 
in  depth,  had  already  produced  some  one  hundred  millions  of  dollars.  I 
The  results  of  this  work  appeared  in  J.  D.  Hague's  monograph.  The  f 
Mining  Industry,  pu])lished  in  1S70. 

During  the  season  of  lsr)S  the  work  of  the  survey  was  pushed  oast- 
ward  entirelv  across  the  (xreat  Basin  to  the  w(\stern  shore  of  Great 
Salt  Lake.  In  that  of  1S<;1)  the  desiM't  ranges  of  I'tah,  the  Wasjitch. 
and  the  western  end  of  the  Tinta  I'anges  were  surveyed.  This  com- 
pleted tli(»  work  as  originally  i)Iaiuiod,  and  with  headcjuarters  at  New 
Haven,  the  task  of  working  up  the  collections  and  platting  the  toix>- 
graphic  and  geologic  notes  was  undertaken. 

This  woik  was,  howevei",  abruptly  interrupted  in  the  summer  of 
ISTO  by  telegraphic  orders  from  (ieneral  Humphrey,  directing  the 
party  to  once  more  take  the  tield.  Congress,  witliout  solicitation,  hav- 
ing appropriated  money  for  the  continuation  of  the  survey.  It  being 
then  too  late  in  the  season  to  prepare  the  nec(\ssary  outlit  for  work  in 
the  high  mountain  rc^gionseast  of  the  Wasatch,  the  season  was  devoted 
to  a  study  of  the  extinct  volcanoes,  Mount  Shastji,  Mount  Rainier, 
and  Mount  Hood.  Amoni^  the  results  of  this  studv  was  the  discoverv 
of  the  tirst-known  active  glaciers  within  the  limits  of  the  United 
States. 

During  the  summers  of  1871-72  the  survey  was  carried  eastward  to 
the  (xreat  Plains  and  included  an  examination  of  the  Eocene  beds  of 

^'Presidential  Addn'Hs,  Geological  Society  of  Washington,  1896. 
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I  River  Basin,  the  Uinta  and  Elk  Mountains  and  tlie  inter- 
esozoic  and  Tertiary  valleys  of  the  North  Park  and  the  Lar- 
n»,  the  Medicine  Bow  Kanfife.  and  th<>  northern  extension  of 

Range. 

r%'ey  made  no  annual  or  preliminary  reports,  and  as  the 
study  of  the  data  collected  consumed  .several  years  of  time, 
he  results  obtained  were  anticipated  by  other  organizations 
)riority  of  publication. 

blished  reports,  which  appeared  in  the  form  of  quarto  vol- 
ned  in  the  order  of  their  appearance,  were:  Vol.  Ill,  Mining 

by  James  D,  Hague,  IHTi);  V<»1.  V,  Botany,  by  Sereno  Wat- 
;  Vol.  VI,  Microscopical  Petrography,  by  Ferdinand  Zirkel, 
I.   11,   I^escriptive  (ieology,   by  Arnold   Hague  and  IS.  F. 

1877;  Vol.  IV.  consisting  of  Parts  1  and  a.  Paleontology, 
Meek,  James  Hall,  and  R.  P.  Whitfield,  and  Part  3,  Orni- 
.y  Rol>ert  Ridgeway,  1877;  Vol.  I, 
:  Geology ,  by  Clarence  King,  1H7S: 

VII,   Odontornithoa.  Ijy   O.  C, 

1880.  The  first  volume  was  ac- 
1  by  a  geological  atlas  containing 
double  maps. 

>erly  summarize  the  work  of  the 
( made  known  in  these  volnuics, 
cal  impossibility  in  flic  space  that 
■votvtd  to  it.  It  WHH  noted  that, 
nd  total  of  12ll,(Hllt  feet  of  sedi- 
accumulations  found,  the  main 
:»f  Archean,  Paleozoic,  Mesozoic, 
;oic  were  all  distinctly  outlined  by 
periods  of  marked  unconformity. 

d  as  a  whole,  there  was  a  noteworthy  fullness  in  the  geolog- 
in,  none  of  the  imiMirtaiitstratigraphtcal  time  divisions  )>cing 
uiting,  e.xcepting  sinne  of  the  obscure  intermediate  deposits 
other  localities  hii\e  liecn  foimd  lying  between  the  base  of 
rian  and  the  summit  of  the  .Vrchean  scries, 
he  data  furnished  liy  Kntmons  and  Hague,  and  his  own 
)n8,  King  felt  himself  able  to  reconstruct  with  a  considerable 

accuracy  the  topographical  configniiitions  of  the  Archean 
nd  pictured  with  great  clearness  the  growth  of  that  portion 
nerican  continent  included  within  the  area  surveyed.     He 

that,  at  the  clo.se  of  the  An-hean  age,  there  was  a  great 

system  built  up  of  at  least  two  sets  of  nonconformal)le 
'erred  to  Laurentian  and  Huronian,  which  was  coextensive 
im  1904 39 
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with  the  p^rpHter  part  of  the  CordilleiHs.*' 
formed  a  land  area  and  to  the  eastward  a  s 


Tbiit.  yrest  of  117 
bottom,  upon  which 
throughout  the  i 
Paleozoic  [leriod, 
conformably  depi 
the  gradualh'  act 
lating  detritus  fro 
land,  brought  doi 
eastward -flowing  r 
These  Paleozoic 
tnents  he  found  i 
region  of  the  AVi 
to  be  32.000  f€ 
thickness,  and  ii 
extreme  western 
upward  of  40,000  i 
He  divided  the 
itito  four  great  gi 
The  first,  which  is 
ly  detrital,  being  v 
of  Caniltrtan  age 
second,  a  lime 
series  of  U.fHK)  f 
thickness,  exte 
from  the  t'umliri 
the  topof  thelowe 
Measuivs.  and  in 
ing  a  <ieep-sea  dc 
Succeeding  tliis 
the  Weber  qiiurlz 
purely  siliceous  d 
of  from  six  to  ten 
sand  feet  in  thicki 
followed  by  the  i 
group  of  upper 
Measure  Iime> 
about  two  thousan 
in  thickness.  Th 
tire  Paleozoic  ser 
smnmed  up  as  com 
of  matei'ials  of 
periods  of  inechar 


tvitrimti'  t  lie  entire  wrics  of  mountain 
.i<>rii'ii.  Jiiiiitiiig  thu  term  Roetj/  Jfoun 
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A*euinuluted  detritus,  interrupted  by  one  and  followed  by  another 
)eriod  of  deep-sea  limestone  formation. 

At  the  close  of  this  great  conformable  period  of  Paleozoic  deposi- 
tion there  were  widespread  mechanical  disturbances.     All  the  thickest 
part  of  the  sediments,  from  the  western  shore  line  eastward  to  and 
including  what  is  now  the  Wasatch,  were  raised  above  the  ocean  level 
to  become  a  land  area.     East  of  the  Wasatch  the  ocean  l>ottom,  with 
its  Upper  Carboniferous  sediment:^,  remained  practically  undistiirl>ed. 
Contemporaneous  with  or  immediately  succeeding  this  uplift,  the 
old  land  mass  to  the  westward  went  down.     What  was  sea  bottom  had 
become  land,  and  what  was  land  became  sea  bottom.     But  the  new 
land  area  extending  from  the  Wasatch  westward  to  the  Havallah 
range  (long.  117"^  80'),  under  the  combined  action  of  heat,  cold,  and 
mechani(*al  action  of  the   atmosphere,  began   at  once  to  yield  the 
materials  which,'in  the  form  of  sand  and  silt,  were  carried  west  and 
east  to  be  laid  down,  in  the  tirst-namod  instance  on  a  gradually  sink- 
ing Archeiin  l>ottom,  until  a  thickness  of  20,000  feet  was  reached,  and 
in  the  last  named,  conformably  upon  a  bottom  of  Upper  Carboniferous 
rocks,  until  some  3,S(K)  feet  had  accumulated. 

At  the  close  of  this  pericKl  of  sedimentation,  which  includes  the 
Triassic  and  Jurassic,  the  Western  ocean  with  its  twentv-odd  thousand 
feet  of  sediments  imderwent  a  sharp  folding  and  uplifting,  whereby 
the  shore  line  was  pushed  outward  as  far  as  the  western  base  of  the 
present  Sierra  Nevadas.     The  force  causing  this  uplifting  acted  tan- 
gentially  and  was  most  severe  in  the  extreme  western  portion,  i.  e., 
the  Sierras,  where,  in  a  l>elt  of  about  50  miles  width,  the  Trijissic  and 
Jurassic  sediments  were  crumpled  and  crowded  together  and  crushed 
into  a  mitss  of  almost  undistinguishable  folds.     During  all  this  power- 
ful disturbance  in  the  Western  sea,  the  region  east  of  the  Wasatch 
"emained  practically  undisturbed,  as  before. 

King's  views  regarding  the  geographic  distribution  of  land  and 
rater  during  the  subsequent  period  of  geological  histoi-y  were  largely 
n  harmony  with  those  of  llayden.  During  the  Cretaceous  times  he 
relieved  a  Mediterranean  ocean  to  have  stretched  from  the  eastern 
lase  of  the  Wasatch  into  Kansas.  Over  the  bottom  of  that  bodv  of 
VB,ter  an  almost  continuous  conformable  sheet  of  Cretaceous  sedi- 
ments was  laid  down,  the  greatest  thickness  of  which  was  against  the 
western  shore  of  the  ocean — that  is,  along  the  base  of  the  Wasatch, 
irhere  were  found,  conformably  over  thctlurassic  shales,  about  l:i,00(). 
eet  of  Cretaceous  l)eds. 

With  the  close  of  the  Oetaceous  period  of  sedimentation  the  entire 
rea  from  and  including  the  Wasatch,  eastward  as  far  as  the  Missis- 
ippi  Valley  was  uplifted,  and  in  its  western  portion  faulted  or  thrown 
nto  sharp  or  gently  undulating  folds.  The  unmediate  cflect  of  this 
iplifting  was,  first,  the  deveJopment  of  the  broa^\  \^\^\  Y^^vi\i  x^^^r^ 
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occupied  bj  the  Great  ]nauis;  seoraidlj,  the  oatliniiijf  of  tbe 
the  Vennilion  Creek  (Wamtch)  Eocene  laka;  thirdly,  the 
of  the  distiopt  folds  of  which  the  WM«toh  and  Uintes  are  tiie 
prominent  examples;  and  foorthlj,  tbe  reh^ve  iqrfieaTal  of  the  dli 
Archean  ranges,  with  all  their  saperincombeDt  toad.  The  MdB  at 
&a  Wasatch  involved  a  ct»)formable  series  of  strata  extending  fnm 
the  base  of  the  Cambrian  to  the  top  of  tiw  Cretaoeoos — in  all,  41,000 
feet  in  thickness.  Tia 
aatonisbing  and 
incredible  fefttoreof  At 
case  lies  in  the  factthi^ 
if  Kinf^s  ideas  are  tobt 
accepted,  this 
dous  fold,  together  i 
the  one  of  80,000  : 
forming  the  Uintu, 
not  a  gradual  uplift,  litf 
of  sudden  uid 
rily  catastrofduc  oi^^ 
and  that,  before  &» 
forces  of  erosifm  had  ac- 
oomplished  their  wwk, 
there  actuallj-  here  ex- 
isted mountain  ranges 
from  5  to  8  miles  in 
height."  From  thedate 
of  this  elevation  no  ma- 
rine waters  have  ever 
invaded  the  middle  Cor- 
dilleras, the  subsequent 
strata  Heiiig,  a.s  notml  by 
llayden,  of  lacu-strine 
origin. 

Studying  in  detail  the 
underlying  geology,  in 


counection  with  these 
folds,  King  announced 
the  principle  *'th«t 
wherever  an  Archean  mountain  range  underlay  the  subsequent  sheets 
of  sediment,  there  a  true  fold  has  taken  place;"  and  further,  tlat 
when  one  observes  "  the  continuity  of  the  strata  across  such  a  vti\fy 

"King'H  exact  words  are:  So  that,  since  thf  ocean  level  waa  banished  to  BOHit- 
where  near  its  present  [xisition,  the  folil  itself  (i.  e.,  the  Wasatch)  was  not  legall'*'' 
44,000  feet  in  altitude.  The  Uinia  was  not  so  imposing  a  body,  bat  ila  snintut 
before  erosion  Ijegan,  was  certMn\y  ^.tWO  Vee\.  a.\iQNe  the  em  level.  (Syrtefm* 
Geoicgy,  p.  748.) 
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as  that  of  the  Laramie  Plains,  and  then  sees  them  sharply  and  sud- 
denly rise  a^inst  the  foothills  of  the  Archean,  it  becomes  evident  that 
the  entire  area  of  the  Rocky  Mountains  has  suffered  actual  lateral 
compression,  and  that  the  diminution  of  surface  amounts  to  from  6  to 
10  per  cent."  When  he  further  considered  that  the  post- Archean 
sedimentaries  were  to  be  regarded  as  a  mere  thin  covering  over  the 
subjacent  crust,  he  added  that  "this  diminution  of  area  of  actual 
surface  means  an  actual  compression  of  the  solid  Archean  shell  of 
the  earth." 

Pursuing  the  same  line  of  thought,  King  noted  that  the  (ronfiguration 
of  America  to-day  is  due  to  the  configuration  or  topograph}'  of  the 
pre-Cambrian  continent.  Where  Archean  faults  or  mountain  irhains 
existed,  there  were  the  lines  of  weakness  along  which  later  orographic 
movements  made  themselves  manifest.  A  comparatively  thin  coating 
of  sedimentary  beds,  for  illustration,  overlies  the  generally'  smooth 
Archean  rocks  of  the  Mississippi  Valley,  and  here  no  subsequent  dis- 
turlmnces  have  taken  place.  On  the  other  hand,  the  high  Archean 
Wasatch  ridges,  which  were  covered  by  10,()<>0  feet  of  sediment  in 
post-Archean  times,  were  again  and  again  uplifted  during  the  subse- 
quent periods  of  disturbance. 

It  was  noted  al>ove  that,  at  the  close  of  the  post-Cretaceous  uplifting, 
the  Wasatch  highland  stood  at  an  elevation  of  upwards  of  40,000  feet. 
Under  such  extraordinary  conditions  rapid  and  intense  erosion  was 
inevitable,  and  in  a  comparatively  brief  period,  geologically,  the  Ver- 
milion Creek  Eocene  lake  was  filled  with  sediments  derived  therefrom 
to  a  depth  of  5,000  feet. 

Then  ensued  another  |)eriod  of  disturbance,  by  which  the  western 
portion  of  these  Vermilion  C!!reek  beds  was  upturned,  while  the 
region  to  the  immediate  west,  from  which  their  sediments  had  been 
derived,  was  as  suddenly  depressed,  allowing  the  waters  of  the  lake  to 
extend  themselves  200  miles  westward  into  Nevada. 

Another  series  of  cnistal  movements  was  now  inaugurated  in  the 
ea.st,  whereby  the  Great  Plains  land  area  also  underwent  a  sul)sidence, 
which  was  most  pronounced  along  the  foothills  of  the  Rocky  Moun- 
tains and  gradually  died  out  to  the  eastward.  This  movement  marks 
the  dividing  line  between  the  Eocene  and  the  Miocene  peiiods.  Con- 
temporaneously with  this  the  entire  Great  Basin  area,  including  por- 
tions of  Washington,  Oregon,  Nevada,  and  California,  lying  to  the 
east  of  the  Sierras  and  the  present  (cascade  liimge,  became  depressed, 
and,  receiving  the  drainage  of  the  surrounding  hills  and  mountains, 
was  converted  into  two  large  lakes  which,  tliroughout  the  Miocene 
period,  were  depositories  of  sediment  from  the  adjacent  land.  Power- 
ful and  profound  crustal  movcMuents  at  the  close  of  iho  Miocene  threw 
the  beds  into  folds,  but  did  not  apparently  raise  them  above  the  sur- 
face level  of  the  lake.     Cozitemporaneously  wU\\  \\\\s  \\\o\vn\\^\\V  n\\vj 
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Miocene  lake  of  the  east,  through  the  subsidence  of  the  surrounding 
country,  was  so  increased  as  to  cover  ahnast  the  entire  province  of  the 
Great  Plains. 

The  beginning  of  the  Pliocene  period  found,  then,  two  enormous 
fresh-water  lakes,  the  one  covering  the  basin  countr\'  of  Utah,  Xevadn, 
Idaho,  and  eastern  Oregon,  thci  other  occupying  the  Phiins  provinn*. 
The  period  was  brought  to  an  end  by  crustal  movement  which,  how- 
ever, affected  the  two  areas  quite  differently,  the  sediments  of  the 
(IreAt  Basin  area  being  broken  through  the  middle  and  the  halves 
depressed  from  1,000  to  2,000  feet,  while  those  of  the  Plains  were 
bodily  tilted  toward  the  south  and  east. 

The  result  of  the  post-Pliocrene  movement  in  the  department  of  the 
Plains  was  to  give  thereafter  a  free  drainage  to  the  sea.  The  result 
in  the  area  of  the  (ireat  l^in,  on  the  other  hand,  was  tx)  leave  two 
deep  depressions,  one  at  the  western  base  of  the  Wasatch  and  one  at 
the  Imse  of  the  Sierra  Nevada,  which  in  Quaternary  times  received  the 
abundant  waters  of  the  Glacial  period  and  formed  the  two  now  nearly 
extinct  lakes  known  as  Lake  Lahontan  and  Lake  Bonneville,  noted 
elsewhere. 

King  was  born  at  Newport,  Rhode  Island,  in  1842,  and  graduated 
from  the  Sheffield  Scientific  School  in  1802,  l)eing  a  memlier  of  the 
first  class  to  receive  degrees  from  that  institution.     The  year  following 

his  graduation  he,  in  company  with  James T.  (jardner. 
Sketch  of  King:  joined  an  enugrant  train  starting  from  St.  Joseph,  Mis- 

souri, on  an  overhmd  trip  to  California.  It  is  stated  that 
it  was  during  this  trip,  at  that  time  a  slow  and  eventful  one,  that  he  con- 
ceived the  idea,  afterwards  ('{irriiHl  into  execution,  of  a  geological  section 
across  tli(^  entire  Cordilleran  systiMU.  Reaching  C-alifornia,  he  attached 
himself  as  a  voluntcM'r  assistant  to  the  State  survev  of  California,  under 
J.  1).  Whitney.  Later  he  was  eoiuiected  with  parties  under  Genenil 
McDowell  in  the  (examination  of  tlu»  mineral  resources  of  the  Mari]X)s;i 
grant.  It  was  during  this  expedition  that  he  and  his  comjxinion  were 
captured  by  Apaelic^s.  hut  were  fortunately  rescued  just  as  the  lire> 
were  l)eing  pr(»pare(l  for  tlicMr  torture. 

After  tlie  civil  war  and  \\\o  passage  of  the  bill  subsidizing  the  Pacitic 
Railroad.  Kin<»:  reeoiniized  that  the  time  had  come  for  carrviiiirout 
his  scheme  for  eonneetintr  the  nfeoloirv  of  the  Kjist  with  that  of  the 
We>t  and  making  the  <'i*oss  section  above  n^ferred  to.  With  this  pro- 
ject in  view  lie  went  (o  W^ishington  in  the  winter  of  isr^rMlT,  and  in 
spite  of  the  disadvantage  of  his  youth  being  then  scarcely 'J.')  year^ 
of  age,  and  still  more  youthful  ai)|)earance— he  was  so  successful  in 
impr(\^sing Congress  with  the  inipoi'tunc(M)f  ascertaining  the  <*har.u'ter 
of  the  mineral  i^^sources  of  th(*  count ly  about  to  be  opened  that  not 
only  v»as  a  generous  annual  a[)propriation  voted,  but  King  was  liini- 


Clarence  King. 

Dlrerl.'rnl  V.  s.  Ci-oli^kal  ExplurallonH  iif  Fonlplh  i^nlk'l. 
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elf  placed  in  charge,  subject  only  to  the  administrative  control  of 
Ten.  A.  A.  Humphrey,  as  already  mentioned. 

The  published  results  of  this  survey  we  have  already  reviewed.  As 
lescribed  by  Emmons,  from  whose  sketch  most  of  what  is  here  given 
)f  the  personal  history  of  King  is  quoted,  ''  probably  no  more  masterly 
mmmar}'  of  the  great  truths  of  geology  had  been  made  since  the  pub- 
ication  of  Lyell's  Principles."  Making  due  allowance  for  the  enthu- 
liasm  of  one  who  was  an  associate  and  warm  personal  friend,  attention 
leed  only  be  called  to  the  fact  that  the  entire  work  was  consummated 
>efore  its  author  saw  his  fortieth  birthday,  to  establish  once  and  for  all 
Cing's  fame  as  an  organizer  and  geologist. 

Aside  from  the  publications  under  this  survey.  King's  bibliograph}' 
ontains  few  titles,  but  this  ma}*^  mean  simply  that  neither  ink  nor 
vords  were  wasted.  In  1877  he  delivered  an  address  at  the  thirty-tirst 
nniversary  of  the  Sheffield  Scientific  School  on  Catastrophism  and  the 
Evolution  of  Environment,  which  Emmons  characterized  as  a  "'pro- 
est  against  the  extreme  luiiformitarianism  of  that  day/'  It  was 
laturally  based  largely  on  his  Fortieth  Parallel  work.  This  uniform- 
tarianism  he  described  as  "the  harmless  undestructive  rate  (of  geo- 
ogical  changes)  of  to-day  prolonged  backward  into  the  deep  past." 
ie  contended  that  while  the  old  belief  in  catastrophic  changes  had 
>roperly  disappeared,  yet  geologi(*al  history,  as  he  read  it,  showed 
hat  the  rate  of  change  had  not  been  uniform,  as  was  claimed  by  the 
ater  school.  He  believed  rather,  as  a  result  of  his  own  observations, 
;hat  at  certain  periods  in  geological  history  the  rate  of  change  had 
)een  accelerated  to  such  a  degree  that  the  effect  produced  upon  life 
nras  somewhat  catastrophic  in  its  nature. 

One  act  in  King's  professional  career  should  be  here  referred  to, 
ilthough  the  story  has  often  been  told.  It  will  be  remembered  that  in 
L872  there  was  made  a  reported  discovery  of  a  diamond  Held  in  south- 
ern Arizona  within  an  area  that  had  been  gone  over  in  the  course  of 
;he  work  of  the  Fortieth  Parallel  Survey.  King,  for  purely  scuentitic 
3urpases,  undertook  a  study  of  tlie  region,  with  the  purpose  of  dis- 
covering something  regarding  tlie  matrix  and  the  origin  of  the  dia- 
nond.  He  discovered,  rather,  that  the  whole  matter  was  a  stuj)endous 
Praud;  that,  so  far  from  there  being  a  diamond  mine,  the  ground  had 
i)een  "salted."  So  soon  as  this  discovery  was  made  King  started  for 
San  Francisco,  traveling  night  and  day,  that  he  might  outstrip  all  other 
possible  sources  of  information.  On  his  arrival  he  at  once  visited  the 
offices  of  the  directors  of  the  company  organized  for  the  selling  of 
stock,  and  demanded  peremptorily  that  all  issues  should  be  stopped. 
To  a  suggestion  that  his  announcement  of  the  fraudulent  nature  of  the 
claim  be  delayed  temporarily,  he  replied:  *' There  is  not  money  enough 
in  the  Bank  of  California  to  induce  me  to  delay  this  announcement  a 
single  hour."    And  it  was  not  delayed. 


616 


REPORT   OF    NATIONAL   MrSEDM,   1904, 


By  thorw  who  knew  him,  Kinjf  U  described  as  a  man  of  rare  rhami 
of  iiiannci'.  cheorful  mid  courteous  dispot^ition,  with  interests  broad  wa 
civilization  and  sympatbios  catholic  tw  humanity.  A  man  of  remark- 
ably robust  physique,  he  yet  broke  down  almost  in  the  prime  of  life, 
and  died  of  con-ximiption  in  1901. 


In  18(19  hicut.  G,  M.  Wheeler,  of  the  United  Statet^  Engineers,  was 
authorized  to  undertake  a  military  rm^oiinoisHance  for  topojrraphiul 
purposes  in  southwest  Nevada  and  western  Utah.  No  geologist  accom- 
wbeder-i snrvevs  l""'"''*!  t'l''  li'i'fy  "itil  1*^71,  the  work  bciiig  purely 
Mwfdiln'"  "*^  to|»ogmphical.  In  the  last-named  year  G.  K.  Gilbert 
IBM-1S79.  ^,ij(  iipiMiiiited  chief  geologist,  serving  through  thre« 

field  seasons,  with  A.  It.  Miirvinc.  assistant  in  1871.  and  E.  E,  Howell, 


in  1872-73.     J.  J.  Stev 


rve<l  as  geologist  with  one  of  the  imrties 
in  1878,  Jules  Mai-cou  in  1S75,  A.  K.  Conk- 
ling  in  187.'>-1877.  and  J.  A.  Churcli  in  1877. 
In  1878-7it  St«>ven.son  was  again  attached  to 
the  survey,  with  1.  C.  Russell  a.-^  a-tsistant 
Oscar  Ijoew  served  as  uiineralt^ical  assistant 
(iuiiiig  1871-1875.  and  K.  I),  (.'ojw  as  verte- 
linitc  piiti-untoiogist  in  ls74. 

Thi-   iiivcrtclmite   iBilcoiitoiogicHl  c<ilK- 
tiuii.-  Tiiiidc  liy  all  of  t  lie  jiiirties  were  workiil 
n|>  l.y  Dr.  ( '.  A.  While,  then  connected  with 
lin«iioi(i    Coliegi-.  lifter  a   prelimiiiarv  ex- 
iitiiiiiation   l,y  K.  M.  M.-ek.     The  rcsnlts  of 
I,-  jio.ilogii-iij  work  jippeare<l  in  tlio  form  of 
\<'  i|iiiirtii  vnhnnes,  the  first,  of  liSl  pagi'.'. 
L   1>7;.;  uMil  (lie  second,  of  i->0  iMige.-;.  in 
-   Doctor  White,  comprising  -i'' 
The  p:ilcontoU)gtcal   ri'iKirt 
111  \\'hite,  appeanxl  nmii 
'■>  pii.i,'es  and  8;i  plates  of  fossils. 
I)  thi>  western  'I'riassic  were  descriled 
iig  l-fcii  obtained   liv  I'n.fessor  Ne«- 
iKTry  whcir  aKa.li.'d  1..  tlir  >hir..iHl.  cxpcdili<m  in  IS^r,. 

IlilLcrt  uppiird  ih.>  h.niii-.  Ha>in  lian-re  sys(.-in  and  llasin  Hjingi-s  ti- 
ill!  ihiit  s\~ti'ni  of  >liMit  nioimtiiin  ridges  si'|iaiiited  by  trough-liiti' 
valleys  wiiir'li  li.>  wi'-l  of  (lie  ])lateaii  system,  though  not  ipiite  coi"- 
cideiit  with  tlic  (ireut  liiisin  ils.-lf.  This  liasis  system  of  moutitMin 
u]ilift  he  iv^riinled  a>due  niaialy  to  fiiultiny:  aiid  tilting,  in  this  i-esi»ect 
dillei'ing  with   the  gfologists  of  the   Fortieth  rarallel  Survey,  n'li" 


ISSI      the   luM.'r  nilli  an  app.-iidi.N 

(Kigcs  of   text    and    -J   plalo  of    fo..- , ^ ,.„.. 

proper,  ccintpri-ing  llu-  work  of  lioth  (.'ope  and  \\'hite,  appeanxl  umW 
■  late  of  IS77.  a  '  ■" '  '         '  ■■       - 
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regarded  the  primary  features  as  due  to  folding,  the  now  evident 
faulting  being  a  phase  of  late  Tertiary  or  post-Tertiary  time/'  He 
f  noted  that  the  ranges  were  parallel,  recurring  at  regular  intervals  and 
\  of  only  moderate  dimensions;  further,  that  the  ridges  of  the  system 
occupied  loci  of  upheaval,  and  were  not  residua  of  denudation;  and 
\  that  the  valleys  were  not  valleys  of  erosion,  but  mere  intervals 
I     between  the  lines  of  maximum  uplift. 

He  dwelt  in  considerable  detail  upon  the  phenomena  of  erosion  l)y 
wind-blown  sand  and  silt-laden  streams,  and  discussed  the  gla<*ial 
phenomena  and  the  conditions  attending  the  drying  up  of  the  great 
inland  lakes,  applying  the  name  I^ke  Bonneville,  in  honor  of  Captain 
Bonneville,  the  explorer,  to  the  great  body  of  fresh  water  that  once 
occupied  Sevier  and  Sjilt  Lake  valleys  and  of  which  the  present  bodies 
of  salt  water  bearing  these  latter  names  are  but  the  tiny  rebiduals. 

f   Those  great  bodies  of  water,  which  obviously  could  have  existed  only 
under  conditions  of  climate  quite  diiferent  from  those  of  to-dai%  he 
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fte.  n4.— 4*c<'tion  of  the  Pahranaffat  ran^e  at  Silver  Ciinyon.    (After  (J.  K.  (JiU>ert.)    Stale.  1-72000. 
Base  line= level  of  Great  Salt  Lake.    (^,  Quartz  Peak;  ^',  Sanders  Cafion. 

believed  to  be  coeval  with  the  Glacial  period  of  the  northeastern  States. 
He  found,  however,  no  counterpart  in  this  region  of  the  general 
^laciation  of  the  eastern  States,  though  there  were  local  glaciers  high 
Upon  the  flanks  of  the  mountains. 

The  abundant  volcanic  phenomena  presented  by  the  region  were  dis- 
cussed in  considerable  detail  and  the  recency  of  many  of  the  lava  flows 
Uoted,  the  conclusions  arrived  at  being  to  the  eifect  that  while  ""we 
are  not  merely  permitted  to  think  of  a  renewal  of  that  activity  as  pos- 
»ible    *    *    *     we  are  logically  compelled  to  regard  it  as  probable.*" 

The  geological  history  of  the  ))asin  region  as  read  by  Gilbert  was  to 
the  effect  that  the  area  was  depressed  below  sea  level  from  the  close  of 


« In  Chapter  VII  of  the  volume  on  Mining  Industry  (Vol.  Ill,  RoiMjrt,  40th  Parallel 

Survey,  1873)  King  refers  inddentally  to  tliese  niouutaiiiH  a8  the  tops  of  folds  whose 

^eep  synclinal  valleys  are  filled  with  Tertiary  and  C^uat^ruary  detritus.     .Fust  how 

^ully  the  problem  may  have  lx»en  worked  out  in  his  own  mind  at  that  tinu^  is  n«)t 

Apparent,  bat  in  1878,  after  the  appearance  of  (iillH'rt's  nionojjraph,  he  expressed 

j       the  opinion  noted  above.     The  entire  subject,  it  may  be  stateil,  wsa*  gone  over  by 

J-  E.  Spurr  in  a  pa|)er  rea<l  before  the  (leological  Society  of  America  in  P.HH)  (see 

^ttU.  Geol.  Soc.  Amer.,  XII,  pp.  217-270),  and  the  matter  re<li8cussed  at  tht*  winter 

I       "neeting  of  the  same  society  in  Washinjrton  in  1902.    The  prevailing:  opinions  there 

I      ^^pressed  were  in  accordance  with  the  views  put  forward  by  (iilbert  in  1S75. 
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till'  An  hfjiu  [icritxi  until  lute  Oirboniferouf.  From  thp  citwe  of  the 
C'liriioiiifcroiis  to  the  )»c><riiiiiiiitrnf  the  CretacifUiis  a  ^rpat  urea,  indud- 
iiijr  till-  cntiiv  plutouii  rounliy,  was  covprwl  bv  the  watei-s  of  an  inland  j 
-si'ji  cntii-ely  cut  off  fnmi  the  main  ocean.  Only  ouw  did  the  .sea  rej^iit  ) 
«  temporary  sway,  liringing  with  it  a.Tuiu-  '. 
ii-fiiiiiia  and  tlieii  retnmting.     Throughout  j 


j^^B^^^^^         ''>*'  Crota<-eoun  ufp}  the  platpflii  <t>iiiitry 

^^^^r^^^^^ki     the  s<-t>nc  of  a  ichallow  iN-eiiii.  tliR  xhores  of 

^^^K'  ^BL     which  wen-  ever  advancing  niid  rocediiq;. 

^^V     j^  fi^H     1'hn>iitrh  the  DpraiMin^r  of  some  remote  )«r- 

^^'^L  ^H     rier  tlie  ot^enii  was  jK>rnianently  shut  out  und 

^^^^^^■^H     the   inland   sea    p^radiially    converted    into 

^^^^^^^^^^1     an   inmiense  fresh-water   lake,  and  tinHllj 

^^^k^^^^^^^^l     drained  till  the  whole  rejrioii   iHH-uuie  \.n- 

^^^^k^H^^^^^I  the  this  !M 

"^      ^^^^1     the  elevation  of  the  continent  which  caused 

a^^^^^k  ^^^H     it  has  euntinned,  and  the  plati^au  coiintn*. 

Ki...  ii-..— liiiniii  Kim-i  (!,■  IT...1.11      which  from  early  Silnnun  U>  hitc  ('rptuceini* 

times  was  slowly  sinking  to  an  extent  wf 

not   less  ihiiiL    .s.ouo    f,.et.    Ihl'*    U'en    iKidlly    uplifted    to    its    fornter 

iiltituih'. 

(iillieit  ctiJlcd  attention  to  the  almost  entire  alwence  of  I'pper  Silu- 
rijiTi  iiiui  Devonian  fo^siU  in  the  refrion.  and  described  the  volcanic 
tick-  or  pliijrs  ji>  v«'slitr,->  of  tln>  lines  through  which  the  crniition? 
ivii.-hc.l   111.'  -nrfiic,-.  the  lu-t  c.nlcnts  ,-on- 


iis  uttachetl  as  a  ytiologist  «!i> 
olonido,  the  ivgion  including 
South  Platte.  Arkaiisiis,  Kii>   ; 


11,  (ii'iiml,  nxuH.ivuuuM 
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Steveiwon  devoted  considerable  attention  to  u  discussion  of  the  geo- 
logical age  of  the  Colorado  lignites,  which  he  regarded  (Lesqiiereux 
to  the  contrary,  notwithstanding),  as  Cretaceous.  He  agreed  with 
J.  L.  Le  Conte  in  i*egarding  the  Ilocky  Mountains  as  not  the  produ<rt 
of  one  upheaval,  nor  the  several  axes  wholly  synchronous  in  origin. 
The  first  great  epoch  of  accelerated  disturbance  in  the  Rocky  Mountain 
region^  resulting  in  the  permanent  elevation  of  the  surface,  he  thought 
to  have  been  synchronous  with  that  during  which  the  Appalachian 
chain  w&s  completed.  Further^  that  the  second  epoch  of  elevation 
began  toward  the  close  of  the  Triassic.  This  was  followed  by  a  ptM-iod 
of  sulisidence  during  which  the  Cretaceous  beds  wore  laid  down,  a 
third  period  of  uplift  marking  the  close  of  the  Cretaceous.  During 
this  latter  period  volcanic  agencies  were  in  a  state  of  intense  activity. 
Mid  a  vast  sheet  of  lava,  two  to  three  thousand  feet  in  thickness,  flowed 
oat  over  the  whole  region  of  the  Grand  and  (Junnison  rivers.  During 
theTertiar}'  period  still  another  elevation  took  place,  sufficient  to  give 
the  rot^ks  of  that  age  a  dip  of  some  5  degrees. 

In  his  report  of  the  work  for  187 J>  Stevenson  discussed  in  consider- 
able detail  the  relations  of  the  I^ramie  group,  which  he  regarded  as 
but  the  upper  part  of  Hayden's  Fox  Hill  group — that  is,  of  very  hit(> 
Cretaceous  age.  He  felt  that  there  was  no  doubt  l)ut  that  the  coal 
fields  of  the  Galisteo  arcA  and  of  southern  Colorado  were  of  precisely 
the  same  age  as  those  of  northern  Colorado  and  Wyoming. 

THE    UNITED    STATFS    GEOLOGICAL    AND   GFXXmAPHKWL  SIRVEYS 

UNDER  J.  W.  POWELL. 

J.  W,  PowelPs  first  observations  on  the  geology  of  the  Uinta  Moun- 
tains were  made  in  1861),  when  engaged  in  his  famous  exploration  of 
the  Onuid  Canyon,  already  noted.  In  1871,  1874,  and  1875  he  again 
fUa jM*! tiwiBDr  visited  the  plateau  region,  the  last  year  being  acconi- 
|J2J*JJJ^  panied  by  Dr.  C.  A.  White.     The  results  of  these  later 

iai4-7s.  years  of  exploration  are  given  in  the  (juarto  niono- 

gimph  on  the  Geology  of  the  Eastern  Portion  of  the  Uinta  Mountains, 
pablisbed  in  1876.  This  comprised,  all  told,  218  imges,  with  a  large 
folio  atlas. 

The  expedition  of  1875  and  thos(»  of  the  intervening  years  untit  ISSO 
were  made  under  the  authority  of  the  Department  of  the  Interior,  the 
organization,  with  Powell  as  din»etor.  I)eing  known  as  tiu»  second 
division  of  the  U.  S.  Geological  and  Geographical  Survey  of  the*  Terri- 
tories. In  1877  the  name  was  changed  to  tiie  U.  S.  Geographiail  and 
Geological  Survey  of  the  Rocky  Mountain  Region. 

In  none  of  the  early  Powell  surveys  was  an  attempt  niadc*  at  system- 
atic arcal  work.  Certain  striking  and  well-exemplified  features  were 
Selected  and  made  the  subject  of  special  monogra{)hs.  In  the  work 
of  1876,  above  noted,  Powell  divided  the  reg\oiv  vf^^l  o\  xW  V\\via.v 


of  inoantaiiiH<nd  short 
ranges.  This  r^ca 
drain)!  almost  wholly 
into  the  Cotondo 
River. 

The  Ba^in  ProTince 
was  characterized  by 
.thorl,  north -and-sonlii 
mountain  ranges  and 
ridges  separated  by 
d<;M:rt  viilh'vs,  and  with  u  drain^rp  which  is  almost  wholly  into  tb« 
interior  niilt  Inki-H  and  HinkH. 

Ut'vot'iufi  liiiiiHt-lf  mainly  to  the  I'intas,  he  showed  that  they  owed 
tlicir  pn-si'iit  cnnti^furation  to  the  degradation  of  a  great  upheaved 
liliK-k  having  ib*  axis  in  an  caHt-and-west  direction.  Thi^  upheaM 
wliidi  111'  thonglit  U}i>\i  plane  very  slowly  and  gradually,  began  at  the 
r lone  of  McHo/oic  time  and  eontinued  with  slight  intermisctionn  until 
liiti'  (Vnoxiiic.  Tlie  totul  amount  of  upheaval  in  the  axial  region  )W 
more  than  :i<),(l(H)  fcpt.  Contemporaneously  with  upheaval  the  forces 
of  di-gmdalion  were  at  work,  though  not  at  the  same  rate  of  progree«< 
along  the  axial  line  of  uplift,  the  degra<lation  amounting  to  more  th*" 
2r>,(MXi  feet  (ii  niilcH),  and  the  mean  degradation  to  3i  miles;  sotbit 
ovttr  thn  entire  arcta  of  ft\««\t  ^,WW  acviare  miles  some  7,100  cubic 
niili'M  of  rock  nnttcrial  have  been  Tftnvo\ei. 
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During  the  years  1874,  1875,  and  1876  Capt.  Clarence  E.  Dutton,  of 
ie  Ordnance  Department,  U.  S.  Army,  made,  under  direction  of  the 
Powell  survey,  further  studies  in  the  plateau  region  which  had  already 
iMu.-  woHr  received  attention  from  Powell,  Newberry,  and  others, 
tb>  HMi  piMMu,  as  previously  noted.  Dutton's  monograph — a  Report 
on  the  Geology  of  the  High  Plateaiis  of  Utah,  a  quarto 
volume  of  307  pages,  with  an  atlas^appoared  under  date  of  1880. 
The  particular  territory  studied  by  Dutton  lay  in  Utah,  occupying  a 
belt  of  country  extending  from  a  point  about  15  mileit  east  of  Mount 
Nebo,  in  the  Wasatch,  south-southwest  for  about  175  miles,  and  having 
a  breadth  of  from  25  to  80  miles — a  total  area  of  some  !*,0O0  square 
mileti. 

As  was  the  i»He  with  Powell,  as  indeed  must  here  be  the  case  with 
every  observing  man,  Dutton  was  impressed  with  the  evident  signn  of 
the  vast  amount  of  erosion  which  the  country  had  undergone  within 
Jomparatively  recent  geological  times.  Not- 
ng  that  from  an  area  of  10,000  square  miles 
'rom  fi,OI)0  to  10,(M)0  vertical  feet  of  strata 
»ve  been  removed,  he  fell  to  speculating  on 
Jie  prolmble  effect  upon  the  earth's  equilil>- 
•iuni  of  such  a  transference  of  materials. 
.f  the  alow  accumulation  of  great  mai^sesof 
lediment  on  sea  bottoms  brings  about  a 
pvdual  subsidence,  why  shoidd  not,  he 
irgued,  the  removal  of  a  like  load  from  any 
and  area  result  in  a  coiTesponditig  uplift 
»r  elevation.  Thus,  for  the  second  time  in 
he  history  of  American  geology,  was 
iroached  the  now  well-known  subject  of 
Bostacy.  (See  p.  4H!I.)  This  great  erosion, 
t  is  well  to  note,  he  regardtrd  as  having  taken  place  mainly  in  Miocene 
tme,  though  continqing  on  into  Pliocene. 

He  noted  that  the  great  structural  features  ni  the  high  plateau's  were 
lue  to  faults  and  monoclinal  flexures;  also  that  the  one  form  of  dis- 
>lacement  passed  continually  into  the  other^that  what  is  here  a  simple 
iiult  passed  by  subdivision,  but  a  few  miles  faiiher  along  in  its  course, 
Dto  what  he  designated  as  step  faults,  and  still  farther  on  into  unbroken 
inttclinals.  All  of  the.se  grander  displacements  belonging  to  the  same 
tyatem  he  r^arded  as  having  their  commencement  in  the  latter  part 
>t  Pliocene  times. 

The  great  amount  of  volcanic  a<.;tivity  evident  retreived  attention, 
iie  most  ancient  dating  back  to  Eocene  times.  The  cliaracter  of  the 
rolcanic  products  wa.s  studied  and  the  various  lavas  classified  as  (1) 
jropylite,  (2)  andesitc,  (3)  trachyte,  (4)  rhyolite,  and  (5)  Iwsalt, 
lamed  here  in  order  of  their  extrusion.    The  facte,assfw\i.»Aft,"va.*Oti«. 
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region  he  Iielieved  to  be  confimiatory  of   Richthofen's  law  of 

rtpquence  of  volcanic  rocke."    He  noted  his  objections  to  the  Ger 

method  of  rock  clai^Hifioation  based  upon  geol<:^ical  age. 

In  187ti  (J.  K.  Gilbert,  then  a  member  of  Major  Powell's  corps,  i 

a  study  of  the  Henry  Mountains  of  Utah.     His  report  appeare 

1877   in    the  form    of    a    qu 

volume  of   160  pages,  with 

folding*  plates. 

moobuiim,      numerous   pi 

1877.  •: 

una  ngures  n; 

text.    In  this  he  showed  that  t 

mountains  were  due  to  the  ir 

sion  from  below  of  igneous 

ter  through    Carboniferous 

Triasxic  strata,  causing  the  ( 

King    Cretaceou.s    and    Ten 

f)ed8  to  arch  or  bulge    iipw 

the  present  aspect  of  the  ni 

tam«  having  resulted  from  9nv. 

whereby   the  overlying    bu 

beds  and  a  portion  of  the  ign 

rockn    a.    well    were    out    a 

1 1  e  on  ena  of  thi,s  type  had 


oted  by  Hoii 
1  a  d  Marvirip,  of  thi-  ] 
s  r  pp.  11(11.  (1(12).  but 
elf  Glbert  to  fully  eb 
the  dea  nd  that  in  ii  i 
t  at  u  t  everioniicct  it 
lti>  immc.  lo  intrusions  of 
tyi>c  he  gave  the  naiiio  of  l: 


111  this  report  GillHTt  shi 
tlijit.  in  the  uplifting  of  the  > 
stone  to   form   these   domes, 
\>i'ih,  as  in  the  case  of  that  » 
Vermilion  Cliff  -sandstone,  ii 
Ik'  elongat^'d  as  much  as  3(H' 
miles.     Tliiit  thiscouhl  lie  done,  and  that 
be  due  to  the  [nessure  of  the  overlying  I 
II  i|iijisi  |)liistk-  roiidition,  and  no  fissures  { 


in  11  distiiTice  of  tlir 

d.-Tily.  he  iH-Iiev.'d 

Tin'  niiili'riiil  wiis  i 

he  oiHiied  unless  coiiuidentiy  iilli'd  by  some  material  which  w 

"Kiililh..f.T  .livuicl  tin- TiTtiary  ami   |..~ 


1  alMi' 


,  uikI   r 


:Ih, 


L  the  iiriKinft   of  s 


mijueuce  o!  [Tiiplioiie,  pronj-bte  bt\iigUi'Jun)s\.aww(;"n^BinL  basalt  the  moat  r 
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4  the  tendency  of  the  walls  to  flow  together.  This  considemtion 
him  to  the  conchision  that — 

ifl  for  each  rock  there  is  a  crushing  weight,  po  there  is  fur  each  rock  a  certain 
\\  at  which  it  can  not  be  fispured. 

pply  ing  this  principle  to  faults  and  fissure  veins  he  concluded  that — 

B  fault  extend  to  a  great  depth  it  will  finally  reach  a  rt^gion  where  the  hardept 
« which  it  separateH  are  coerced  by  so  great  a  pressure  that  they  can  not  hold  theni- 
H  aitiinder,  but  are  forced  togt»ther  lie'ore  the  fissure  can  Ih.»  filled  by  mineral 
?its.     Thus,  there  U  a  definable  inferior  limit  to  the  region  of  vein  formation. 

lis  the  present  writer  believes  to  lie  the  first  time  the  doctrine  of 
liowage  was  put  forth  in  America  and  by  an  American, 
le  matters  of  instability  of  drainage  lines,  planation,  and  formation 
ver  t<»rraces  were  discussed,  and  it  was  shown  that  Hitchcock's  idea 
le  formation  of  river  terraces  by  successive  periculsof  sedimentation 
62)  was  erroneous,  such  in  fact  being  l)ut  the  recorded  stages  of 
:res8ive  erosion.  In  this  work  (iilbert  used  the  terms  ciHtntajfiaif^ 
tili'ut^  and  HuiM^nmjHiHed  as  introduced  by  Powell,  and  showed  that 
di'ainage  of  the  Henry  Mountains,  while  as  a  whole  consequent, 
not  so  in  all  of  its  details. 

le  igneous  ro<?k8  of  the  mountains  were  studied  mici*oscoi)ically  by 
..  C  E.  Dutton,  who  classed  them  as  trachvtes. 
)well  was  born  of  English  parentage  in  Mount  Morris,  New  York, 
ch  24,  1884,  and  died  September  28,  11)02.     From  childhood  he 
ifested  a  deep  interest  in  all  natural  phenomena  and  eurly  gave* 

evidence  of  that  l)old  and  self-reliant  spirit  which 
ii  of  Powell.  in  later  years  found  vent  in  liis  hazardous  explora- 

tion of  the  (hand  Canyon  of  the  Colorado.  Vigor- 
impetuous,  and  sometimes  intolerant  of  the  opinions  of  others, 
[lade  warm  friends  and  strong  enemies.  Rising  from  obscurity, 
out  university  training,  indeed  almost  wholly  self-taught,  to 
nie  a  bold  and  aggressive  thinker,  and  finally  the  head  of  the  l'^.  S. 
logical  Survc}'  in  1881,  it  is  little  to  })e  wondered  at  that  lie  became 
many  a  tai'get  for  sneers  as  well  as  an  object  of  envy.  But  how- 
much  men  may  differ  as  to  the  value  of  his  individual  work  in 
geological  as  well  as  ethnologicral  field,  no  one  will  for  a  moment 
ition  that  it  was  through  his  efforts  that  otluM's  were  given  the 
3rtunity  to  carve  out  their  own  immortality.  Cpon  his  success  as 
dministrator  his  fame  mav  safelv  rest. 

fter  his  retirement  from  the  Survev  in  18i^  Powell  limited  him- 
mainly  to  abstruse  psychological  prol)lems  and  the  directorship 
he  Bureau  of  American  Ethnology,  which,  it  should  be  said,  he 
l)een  largely  instrumental  in  founding  in  1880. 
owell  served  with  gallantry  during  the  civil  war.  rising  to  the 
k  of  major  of  artillery.  He  lost  his  right  arm  at  the  battle  of 
Lsburg  Landing. 
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Sarvtjrs,  I8TV. 


Ah  early  as  1874  tho  question  of  the  advisability  of  conflolidj 
the  various  geological  and  geographical  sun'cyn  west  of  the  Missi* 
was  conNidcrcd  hy  a  coniniittee  of  the  public  lands,  to  which  (.Viii( 
had  referred  a  message  of  the  Pretiident  of  the  I'l 
States  relating  to  the  matter.  The  committee  r 
exhauHtive  investigations,  receiving  testimony  I 
many  intxirested  parties,  and  undoubtedly  a  strong  effort  was  niiu 
have  the  surveys  conducted  under  the  direction  of  the  United  Si 
Army.  In  opposition  to  this  was  successfully  arrayetl  almost 
unanimous  opinion  of  the  scientific  and  professional  men  of 
country.  In  l^T^^  the  matter  wan  again  brought  up.  with  the  r 
of  consolidating  all  of  the  various  surveys  under  the  V.  S.  (leo 
cal  Survey,  of  whit^h  Clarence  King  was  appointed  dirc(;t«)r  in  1 
Mr.  King,  however,  held  the  office  but  a  single  year,  resignin 
favor  of  Mttj.  .1.  W,  Powell. 


i  ('HAPTKK    Vni. 

I  THE  POSSII.  FOOTPRINTS  OF  THE  CONNECTICUT  VALLEY. 

[  III  the  AitierU-;tn  Joiirniil  of  Scient-o  for  lS;ill  Prof.  Kdwai'd  llitcli- 

*'oi'k  descrilwd  ii  series  of  fossil  footprints  oifiirriiifj  in  the  suiidstoiio 
of  the  Oonncoticiit  Valley,  iitto.ntion  to  which  had  Ih'oii  ciiUud  l\v  l*r. 
JamcH  Deane,  of  Grcenlield,  the  latter'w  notice  haviiitr  Itcfii  first 
directed  to  them  by  a  Mr.  Dexter  Marsh,  of  De^M-field.  who  found 
tbem  amoii^  some  f1af;»toneM  )>«in^  laid  in  front  of  his  house.  Deaiic, 
who  was  a  practicing  physician,  was  quick  to  realize  their  {jcolof^ca) 
interest  and  apiwrently  also  recognized  his  own  inability  to  do  the 
matter  justice,  and  so  referred  ihein  to  Doctor  Ilittheoek, 

Those  (irst  found  were  from  a  ciuarry  in  Montague:  later  finds  wore 
nuule  at  the  80-t«lleti  Lily  Pond  qiiarry  at  Turners  Falls,  a  (jnarry 
which  has  yielded  in  the  pa.st  and  still  occasionally  yields  the  finest 
I  exunplebyet  produced.  Hitchc<H'k  described  and  figured  tracks  which 
he  r^iarded  as  having  been  made  by  as  many  as  seven  different  s|>t'cies 
of  Miimals.  His  conclusions  regarding  their  origin  were,  first,  that 
tb^  were  all  the  impre-ssions  of  biped  animals;  second,  thiit  lliey  could 
life^Iuvv  bet'n  made  by  any  known  biped  except  birds,  and  third  that 
An'  well  corresponded  with  the  tnicks  of  binis  in  having  the  same 
'Jp^uai-^-  division  of  the  feet,  with  frequently,  and  js'ihaps  always,  the 
WMh  torminated  with  claws,  as  do  birds.  To  these  supported  bird  tracks 
gstvo  the  name  Oniit/i/chni'tei  (fnim  '>/ji'/?  and  Tix''"<T),  signifying 
ly  fiird  tracks.  Five  yejirs  of  further  examiniition  enabled  hiin  to 
\i  the  list  of  apecies  to  '27,  which  were  described  and  figured,  natural 

in  his  final  report  on  the  geology  of  Massachusetts,  ISil. 

'p  to  tbii  last  date  he  had  found  noceitain  evidence  that  any  of  the 

wei-e  made  by  quadrupeds,  yet  a  eousidemble  projiortion  of 

bore  so  strong  a  reseniblunee  to  saurian  reptiles  that  he  denonii- 

thein  gawdiiil'fiiiid-K,  or  tracks  ivsembling  those  of  saurians, 

lowever,  by  the  ti-nn  merely  to  convey  an  intimation  that 

irovc  i-eptilian.     To  the  others  he  now  applii<<l  the  name 

Iw/feji.  or  tnicks  resembling  those  of   birds.     To  auinnil 

of  aTl  kinds,  and  of  whatever  nature  he  pniposcd  the  gi-nernl 

if/tnr/litex. 

At  the  April  meeting,  iJS-ia.  of  the  Americsm  Association  of  (leolo- 
gists,  Hitchcock  brought  the  matter  up  once  iiKu-e.  descril)ing  five 
new  species,  one  of  which,  O.  tuLiumii.  from  Pompt4>n,  Xew  Jersey, 
was  the  first  thus  far  found  outside  of  the  Connecticut  Vallev. 
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Id  thu  nme  paper  be  abo  aDDOanoed  the  findii^  c4  txadm  iridt 
afforded  the  first  "certain  evidence  (hat  any  of  the  nnmerotti  tnok 


upon  the  sandstone  of  the  Connecticut  Valley  were  made  by  a  qW^- 
raped,''  tboii^rh  he  had  suspected  that  such  might  be  the  case.  Tbe« 
probable  quadrupedal  traciis  he  ieatiri^KA  \«A«t  \!oft  vosue  Savroidi^- 
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'^*t  deireyl^  and  it  was  suggested  that  they  were  comparable  with  the 
ieiotIu>riuvi^  an  amphibian  found  in  the  European  Keuper  beds 
riassic).  This  discovery,  naturally,  raised  again  the  question  as  to 
e  possible  quadrupedal  nature  of  the  others  described,  but,  with 
uracteristiQ  conservatism,  he  still  refrained  from  committing  him- 
If,  simply  noting  that  it  would  he  "contrary  to  the  cautious  spirit 
•  science"  to  decide  on  the  evidence  then  at  hand  as  to  their  exact 
Lture,  and  he  therefore  adhered  to  the  course  adopted  in  his  previous 
iport,  and  classified  all  under  the  names  as  ornithoidichnites  and 
uroidichnites^  as  before. 

It  is  scarcely  necessary  to  remark  that  the  discovery  of  these  tracks 
ccited  a  very  lively  interest  both  at  home  and  abroad,  and  references 
id  suggestions  regarding  them  multiplied  in  the  geological  literature 
f  the  day.  Thus,  in  the  American  Journal  of  Science,  XLV,  1843, 
nder  the  title  of  Omithichnites  of  the  Connecticut  River  Sandstones 
id  the  Dinornis  of  New  Zealand,  we  find  given  the  opinions  of 
^eane,  Hitchcock,  Mantell,  and  Richard  Owen  regarding  their  nature. 
>eane,  in  a  letter  to  Do(;tor  Mantell,  of  London,  had  written: 

Thene  beautiful  fos^ilH,  indicating  a  high  grade  of  animal  existence  in  a  period  of 
le  earth  so  immensely  remote,  may  well  be  regardeil  among  the  wonders  of  paleon- 
»logi(ral  jK'ience.  *  *  *  That  the  footsteps  of  the  Connecticut  River  are,  how- 
ler, the  authentic  traces  of  extinct  binls  is  confirmed  by  the  un(}^viating  compari- 
►na  they  bear  to  living  nature. 

He  wrote  further  of  referring  these  footprints,  as  discovered  by 
imself,  to  Professors  Silliman  and  Hitchcock,  both  of  whom  admitted 
le  plausibility'  of  his  statements,  yet  remained  incredulous  as  to  the 
iferences  drawn  until  accurate  models  were  submitted  to  them,  when 
rofessor  Hitchcock  had  pronounced  his  unqualified  conviction  that 
le  footprints  were  those  of  birds.  Doctor  Mantell  in  his  reply  to 
»octor  Deane  seems  to  have  himself  accepted  the  opinion  of  their 
ird-like  nature,  and  stated  further  that  at  first  both  Professors  Owen 
id  Murchison  were  in  doubt  as  to  whether  they  were  made  by  birds 
r  reptiles.  Mr.  Lyell,  however,  stated  his  conviction  that  they  were 
3nuine  ornrlthichiiUs,  Later,  Professor  Murchison,  after  considering 
le  enormous  size  of  the  tracks  which  must  have  been  made  by  the 
ew  Zealand  moas,  "confessed  that  the  gigantic  bones  from  New 
ealand,  evincing  as  they  did  most  unequivocally  the  existence  even 
I  our  own  times  of  birds  as  large  as  any  required  by  the  American 
>otmarks,  had  removed  his  skepticism,  and  that  he  had  no  hesitation 
I  declaring  his  belief  that  t\iQ  ornltJuchnUeii  had  been  produced  by 
le  imprints  of  the  feet  of  birds  which  had  walked  over  the  rocks 
hen  in  a  soft  and  impressible  state."     "An  opinion,"  adds  Mantell, 

in  which  I  entirely  concur." 

Dr.  Richard  Owen,  too,  in  a  letter  to  Professor  Silliman,  under  date 
f  March  16,  1843,  after  calling  attention  to  th^  w^^d  oi  ^a.wXxws.  'ws. 
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as8Uininj(  the  (existence  of  highly  organized  birds  at  so  early  a  p<*riod, 
l)arti(nilarly  wIh»ii  there  were  known  to  be  large  reptiles  which  niiofht 
make  tracks  ver\'  similar,  went  on  to  speak  of  the  then  recentlj 
(lescril)ed  ninoniis"  of  New  Zealand,  and  wrote  as  follows: 

It  seems  most  reasonable,  therefore,  to  eonclude  tliat  the  oruithichuite*  are  the 
impressions  of  feet  of  hinls  whieh  had  the  game  low  ^1^^^-  <^f  organization  9r  the 
Apteryx  and  Dinornis  of  New  Zt*alan<l,  and  this  latter  may  In*  reganle<l  as  the  last 
nunnants  of  an  apterous  race  of  hinls  which  seems  to  have  flonrished  in  the  epoch 
of  the  New  Re<l  siin<lstone  of  Connecticut  and  Massachusettg. 

The  conchidinir  i)aragnii)h  in  the  article  from  which  those  al>stracts 
have  IxMMi  made  is  iiiten^sting  as  showing  the  unqualified  acceptation 
l)y  Murchison  of  tlie  opinions  by  the  various  authorities.  Thus,  he  is 
<luoted  as  liaving  said: 

From  this  moment,  then,  I  am  ]>repared  to  athnit  the  value  of  the  reastoning of 
Doctor  Hitchcock  and  of  the  orip^nal  jliscoverer,  Dr.  James  Deane,  who,  it  ap{i«an< 
hy  the  dear  and  modest  pajx^r  lai<l  l>efore  us  (hy  Doctor  Mantell),  was  the  first  jier- 

son  to  call  the  attention  of  the  professor  to  the  phe- 
nomenon, exjjressing  then  his  own  l>elief,  from  wliat 
he  saw  in  existing  nature,  that  the  footprints  were 
made  hy  birds.  Let  us  now  hojie,  therefore,  tliat 
the  last  vestiges  of  doubt  may  ]>e  removed  by  the 
discovery  of  the  l>ones  of  some  fossil  Dinornis.  hi 
the  meantime  let  us  honor  the  great  moral  couraj.'e«»f 
Professor  Hitchcock  in  throwing  down  his  opinion^ 
iM'fori'  an  incredulous  i>u})lir. 

AlM)iit  this  time  Doctor  IVane,  evidently 

iM'coniiiior  (lissatistied  witli  the  i)osition  ho 

was  likely  to  occupy  in   the  discussion,  ho- 

ojm  to  himself  publish  descriptions,  his  first 

paper  appearin<if  in  the  American  Journal 

of  Science,  XliVl.  1S44,  wlierc  he   riL'urcii 

a  slai)  some  <>  ])v  S  feet  in  dimensions  con- 

tainiii^^  over  75  iin])rcssions.      He  did  not.  however,  attempt  anv  scien- 

t Hit- description  of  the  same,  and   n*ferred  to  them  as  Onttfliii-hnUiS 

fuln'it'nhs^  (d'  Hitchcock. 

In  a  paper  read  iM'fore  the  American  Association  of  (Jeoloirists  and 
Naturalists  at  W'ashinoton  in  May,  1S4-4,  Doctor  Hitchcock  took  tin' 
subject  up  once  moic  and  <iave  a  i)riet'  historv  of  the  discoverv  of  fool- 
prints  in  oflier  countries,  and  also  certain  data  rcirardino-  an  earliiT 
discovciy  than  that  of  Doctoi"  Dcane,  referriner  to  the  fact  that  in  l>^<'- 
Mr.  IMiny  Moody,  of  South  Hadley.  in  Massachusetts,  had  turned  up 
with  th(^  ])low  ui)on  his  father's  farm  in  that  i)lace  a  stone  containinjT 
in  reli^^f  live  tracks  of  what  he.  Jlitchcock,  now  n»ferred  to  as  nr,M- 


■ 
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"  I>unrs  (►!   th<*  Dinnrni.s,  thr^^iant  l)ird  «if   New  Zealand,  it  should  be  nuMitiomnl.     j 
tir>t   canu'  t<>  tin*  notice  iA  tin.-  scii-ntilic  world  throuy:h  the  publications  of  KiohJir*' 
i)\\rn,  fhe  iji;.']isli  anatomist,  in  ls:V.»-lS4;>. 
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.nites  fidieoideH,  This  same  slab  served  for  several  years  the  pur- 
se of  a  doorstep,  and  finally  passed  into  the  possession  of  Doctor 
tchcock  in  1889. 

An  evident  feeling  of  jealousy  oetween  tne  two  gentlemen  most 
Dcerned  is  for  the  first  time  manifested  in  this  paper,  a  feeling 
lich  apparently  existed  until  the  time  of  Doctor  Deane's  death,  and 
lich  caused  his  friends  to  publish  in  1801  the  volume  entitled  Ichno- 
aphs  of  the  Sandstone  of  Connecticut  River,  a  (quarto  volume  of  61 
.ges  of  text  and  46  full-page  plates. 

Hitchcock  covered  the  entire  subject  up  to  the  date  of  his  reading 
is  paper  (1844),  and  descri})ed  the  fine  large  specimen  found  in  the 
ipure  limestone  of  Chicopee  Falls,  in  Springfield,  under  the  name  of 
rnithoidichnlteH  rediield!!^  and  also  several  other  new  species.  The 
semblance  of  these  to  saurian  remains  was  still  recognized,  but  the 
•oof  was  not  regarded  as  suflicient  to  refer  them  une(|uivocally  to 
ladrupeds. 

In  this  paper  Hitchcock  adopted  the  following  classification  for 
acks  or  markings  of  various  kinds: 

Onler  1.  Poh/podwhnile^,  or  many-footed  tracks. 
Order  2.    Tetrapodichnitex^  or  four-foot<»<l  trafkH. 
Order  3.  DipodichnUes^  or  two-f(X)ted  tracks. 
Order  4.  ApodichnUes^  or  footless  tracks. 

Under  the  latter  term  he  included  certain  marks  made  by  fishes, 
oUusks,  and  annelid  worms. 

In  the  American  Journal  of  Science  for  1845,  Doctor  Deane  had  two 
ipers  descriptive  of  footprints  found  by  him  and  a  part  of  which  he 
lought  to  be  undoubtedly  those  of  batmchians,  agreeing  in  this  respect 
ith  Hitchcock,  as  noted  above.  In  his  second  paper  he  described 
id  figured  tracks  made  by  a  batrachian  reptile,  the  method  of  pro- 
•ession  of  which,  as  indicated  by  the  tmcks,  was  by  kangaroo-like 
jnps,  the  fore  limbs  not  touching  the  ground.  Again,  in  1847, 
eane  had  a  paper  dealing  not  merely  with  the  tracks,  but  also  with 
le  supposed  cx>nditions  under  whicrh  they  were  formed,  the  trac^ks 
ascribed  being  in  part  those  of  birds  and  in  part  those  of  quadrupeds. 
lieir  preservation  he  regjirded  as  due  to  the  resubmergence  during 
flBons  of  fiood  of  the  mud  flats  upon  which  they  were  formed. 
Through  the  same  medium  and  this  same  year  Hitchcock  reverted 
ice  more  to  the  subject  and  described  two  new  species  of  thick-toed 
peds,  the  one  renamed  Brontozouht  (from  Onuthoullchnlte^)  silli- 
aniuin^  and  the  other  B,  paraf/eban.  In  connection  with  these  he 
ascribed  a  large  and  extraordinary  track  regarded  as  that  of  a  batra- 
lian  and  to  which  he  gave  the  generic  name  Otozoum,  He  regarded 
le  tracks  as  having  been  preserved  by  being  silted  in  by  the  waves  of 
>ring  tides. 
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Again,  in  1848,  Doctor  Deane  came  forward  with  a  brief  paper  and 
figures  of  tracks  which  he  thought  might  with  propriety  he  rofernHl 
to  some  member  of  the  tailed  or  salamandrian  family  of  l)atrachians« 
since  he  discovered  markings  which  seemed  to  him  as  probably  due 
to  the  trailing  of  the  caudal  appendage.  In  this  same  year  Dexter 
Marsh,  the  man  who  first  called  Doctor  Deane's  attention  to  the  f<K)t- 
prints  in  1836,  in  a  long  letter  to  the  editor  of  Silliman's  ,Founial, 
described  and  figured  footprints  which  he  regarded  as  tha**e  of  a 
quadruped  and  one  that  walked  step  by  step  and  not  by  leaps. 

Previous  to  the  forties  Hitchcock  had  given  names  onl}'  to  the 
tracks,  but  in  1845,  acting  under  the  suggestion  made  to  him  by  Dot- 
tor  Deane,  he  presented,  at  the  meeting  of  the  Association  of  Ameri- 
can (ieologists,  a  catalogue  of  the  animals  themselves,  so  far  as  known, 
a  plan  to  which  he  adhered  and  defended  in  his  paper  in  the  Memoirs 
of  the  America,n  Academy  of  Artij  and  Sciences,  presented  in  184^. 
In  this  paper  he  discussed  with  Jjis  usual  caution  the  ix)S8ibilities  of 
identification  and  classification  from  footprintjs  alone,  and  while  he 
acknowledged  that  he  had  no  great  ccmfidence  in  the  arrangement 
adopted  except  in  a  few  instjinces,  went  on  to  submit  the  followintf  list 
of  genera: 

9.    Trin^nopus, 
10.    Ilarjpedactylns, 

11.       TiJpoj}UH. 

14.  Tliruiiropua, 

15.  Ani>}im])iiH, 

U).     A/HS()J>Uf<, 


\ 
( 


1.  Brtmtozowm, 

2.  ^flthUrjyuH, 

3.  Stemjh'zoum, 

4.  Aiyozoimi. 

5.  Pliit[ijdi'rnn, 

7.  Pffh  m<U'<'IlK><. 

S.  Phcfropfis. 


17.  Ilopllchnua. 

1 8 .  Macro  pit  th  a . 

19.  X'fphop^Zii, 

20.  AitctjrojuiM. 

21.  Ilrlruru, 

22.  lit  rpi/f<t(Z(Htm . 

23.  If(trjHttj(tp(t,s. 


Tudor  these  niinios  he  described  49  species,  of  which  he  regarded  1 'J 
as  c(U't4iiiily  (|ua(lrupeds:  4  ])r()l)}ibly  lizards,  2  ch(»lonians  or  turth'>. 
and  6  batrachiaiis.  Two  were  annelids  or  niollusks:  3  of  doubtful 
character;  and  the  roniainin^-  \V1  species  were  bipeds.  Eight  of  the>e 
32  he  regarded  as  being  thick-toed  tridactylous  i)irds;  14  others  were 
probably  nairow-toed  tridactylous  or  tetradactylous  ])irds;  2  were 
])erhaps  bipedal  batracliians,  and  the  remaining  S  he  thought  mi^rht 
have  b(»en  birds,  but  would  more  ])r()bably  turn  out  to  be  either 
lizards  or  i)atracliians. 

It  niav  l)e  noted,  in  this  t'onnection  that,  in  1845,  Dr.  Alton  Kin^r 
found  fossil  f<)()ti)rints  in  C'aiboniferous  sandstone  in  Westmoreland 
Count  v,  IVnnsvlvania.    Th(*se,  tliout^h  now  known  to  have*  been  tracks  of 

ft  «  ^f 

amphibians,  w(M'(»  descrii)ed  by  King  under  the  names  of  OmUliahnii'^ 
ijitUhnihtHlcs  w.\\{{  (),  rulJhi'fsonf,  King  accepting  their  birdlike  oriirin* 
though  assuring  the  readier  that  the  *'])<>pular  error  that  these  are  tin' 
tracks  of  wild  turkevs  needs  wo  dvse,uss\ou."     Certain  other  traek> 
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md  at  the  same  time  were  recognized  as  those  of  quadrupeds,  and 
re  described  under  the  generic  name  of  Spheropezium, 
[n  the  Memoirs  of  the  American  Academy  of  Arts  and  Sciences  for 
19,  Deane  had  again  a  paper  on  fossil  footprints  of  the  Connecticut 
lley,  which  he  regarded  as  in  part  those  of  birds  and  in  part  those 
reptiles.  These  were  described  and  figured,  but  no  attempt  at 
^ification  was  made. 

In  1858  Hitchcock  published  his  Ichnology  of  New  England,  a 
arto  volume  of  some  200  pages,  with  60  plates  of  footprints  and  a 
ip  of  the  Connecticut  Valley,  showing  the  distribution  of  the  Tri- 
3ie  sandstone  with  its  included  tracks,  together  with  a  section  across 
e  valley  at  Springfield.  This  work  is  of  importance,  not  merely 
1  account  of  the  detailed  description  of  the  tracks,  but  also  as  sum- 
ing  up  the  knowledge  of  the  subject  and  the  prevailing  opinion 
garding  the  origin  and  age  of  the  sandstone  itself.  The  sandstone, 
should  be  stated,  had  been  regarded  by  many  geologists  as  owing 
I  present  dip  to  its  having  been  deposited  upon  a  sloping  floor. 
»  this  view  Hitchcock  now  took  exception  and  could  find  no  way  of 
raping  from  the  opinion  that  it  had  been  upheaved  since  its  deposi- 
►n.  The  age  of  the  sandstone  he  considered  to  be  undoubtedly 
irassic.  He  discussed  in  great  detail  the  character  of  the  tracks, 
d  announced  some  thirty  characteristics  which  he  regarded  as  based 
the  principles  of  comparative  anatomy  and  zoology,  and  which  he 
Dught  afforded  him  reliable  grounds  from  which  to  judge  of  the 
ture  of  an  animal  from  its  tracks.  He  felt  that  he  could  now  decide 
th  a  good  degree  of  confidence,  first,  whether  the  animal  making 
3  track  was  vertebral  or  invertebral;  second,  whether  a  biped, 
adruped,  or  multiped;  third,  to  which  of  the  four  great  classes  of 
rtebrates  it  belonged  and,  with  less  certainty,  to  what  order,  genus, 
species  the  animal  might  be  referred.  It  was  in  this  work  that  he 
st  proposed  the  term  Lithichnozod  (the  stony-track  animals),  to 
ibrace  the  animals  whose  characters  he  described  from  their  tracks, 
le  classification  adopted  divided  the  animals  into  ten  groups:  First, 
irsupialoid  animals;  second,  paehydactylous^  or  thick-toed  birds; 
ird,  leptodactyhus^  or  narrow-toed  birds;  fourth,  oimithoid  lizards 
batrachians;  fifth,  lizards;  sixth,  hatrachians;  seventh,  chelonlaiun; 
^hth,  fishes;  ninth,  cntstaceans^  layriapods^  and  insects;  and  tenth, 
nelidans, 

[t  will  be  noted  that  the  Brontozoum  was  still  included  under  the 
oup  of  pacbydactylous  or  thick-toed  birds. 

[n  1863  we  find  Hitchcock  again  returning  to  the  subject  in  a  brief 
per  in  the  American  Journal  of  Science  for  that  year,  in  which  he 
nounced  that,  though  having  been  compelled  to  give  up  ten  or  a 
zen  of  his  old  species  of  footmarks,  he  had  described  over  thirty 
w  ones.     Further,  finding  that  an  error  had  beeu  mttd&  «je.\ft  iVss^ 
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iitimlKT  of  plmlangen  in  tlie  trucks  of  itcmw  of  thi-  ftniinalj 
»s  Lif/ii'.-lni'iz"".  be  confessed  to  u  doubt  if  tln>  tttiininlN  ht'rt'toforc| 
grouped  uiidpr  ibis  iianio  fihoiild  b<>  cla»j*ed  an  binU;  nnd.  as  a  gMieisLj 
confliiMion,  annotincvtl  thai  in  fu»si1  footiimrks  birds  could  not  br  ditr- 
tinguirtbed  from  i|nadnipe(lii  by  tl>f<  iiunitKr  of  phalan^.s.  In  tliis 
sHiui:  piipor  liv  announced  tbt;  finding  of  tnu-kit  wbicb  verv  uccoid- 
panied  hy  certain  markiutrn  wbirb  were  evidently  made  by  tbe  tnilof 
thv  animal,  such  Ix-ing  particularly  characleristic  of  h\A  Anifjmi 
(fracliU,  an  animal  tbe  ijuadrupedn)  nature  of  which  bad  altvHdy  )Keii 
recognized.  Tbe  prei^once  of  .such  tail-like  marking!!  in  the  ist»-ai 
the  Anaiii4Kpus  lend  him  into  a  somewhat  lengthy  discussion  hh  to  thr 
utGnitios  of  this  iiiitnml.  whetht-r  bird  or  reptile,  thmigh  he  »'a*i'vi' 
dently  inclinwl  to  rc^rnrd  it  as  most  nearly  i-elated  to  ii  lower  ordernf 
birds  like  the  .l«/'.>- 
i^ttKryi-.  Insnppiirlof 
tliis.  be  appended  u  li't- 
ter  from  ProfpSHiir 
Dana,  in  which  be  re- 
ferred to  the  geiienil- 
izetl  L'hamcters  of  the 
early  birdw. 

Here  tbe  matter 
woidd  apjierti'  to  h»W 
rwted-  until  Mr.  Bw- 
well  Field,  a  famierof 
Greenfield,  Massftcliu- 
setts,  on  whose  prop- 
erty tbe  first  slabji  were 
found,  for  the  first 
lime  in     print     vnid'd 

o.       .— s  eemno      iir.nnurM       ana     srs  i  j^j^   {yfm    Opinions.     I" 

the  American  Journal  of  Science,  XXIX,  1860,  he  gave  briefly  and 
modestly  the  results  of  hi.s  experience'  in  collecting  and  obseninjr. 
and  announc<>d  it  as  biw  opinion  that  the  vertebral  tracks  should  all  he 
classed  as  reptilian.  That  the  animals  that  made  them  usually  walked 
on  two  feet  he  admitted,  but  contended  that  they  could  as  well  hii>'*^ 
walked  on  four  bad  they  chosen.     In  proof  of  this  be  added: 

We  find  IrackH  ai^  perfect  as  if  maiie  in  plasler  or  wax  which,  to  all  appeanoiw*- 
aa  to  tilt  iiiiiiiber  nf  tneu  and  the  jihalaiigial  nr  lateral  expansione  in  the  toee,  n^i^ 
perfectly  well  with  those  of  living  birds,  anil  still  we  know,  by  the  impreesions  niS'l^ 
by  tlieir  fornanl  feet,  that  these  fossil  tracks  were  made  by  qtiadrupede. 

In  still  other  cases  be  noted  traces  of  the  tails  tracking  in  the  iniid. 
Enumerating  some  of  tbe  cases  in  which  the  so-called  bird  tracks— >^' 
for  instance,  tbe  <)fo2imm^  had  Imjoii  proven  to  be  reptilian— he  add*^ 
*6af  tiaa  he  verily  believed  is  the  ^We,  tor  them  all.     And  in  this  he 
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IS  right,  but  it  was  not  until  1893  that  the  actual  l^ones  of  one  of  the 
ptiles  were  found  in  a  sufficiently  good  state  of  preservation  to  allow 
rof.  O.  C.  Marsh  to  make  the  restoration  shown  in  lig.  123.  This 
articular  fomi  was  about  six  feet  in  height,  when  standing,  as  in  the 
jure-  *'One  of  the  most  slender  and  delicate  dinosaurs  yet  dis- 
►vered,  being  only  surpassed  in  this  respect  by  some  of  the  smaller, 
rd-iike  forms  of  the  Juiussic/'    The  creature  is  shown  in  the  figure 

the  position  it  is  thought  to  have  habitually  assumed.  On  a  firm 
it  moist  beach  only  three-toed  impressions  would  have  been  left  by 
le  hind  feet  and  the  tail  would  have  been  kept  free  from  the  ground, 
n  a  soft  muddy  shore  the  claw  of  the  fifth  digit  would  have  also  left 
3  mark,  and  perhaps  the  tail  would  have  dragged.  When,  perhaps 
omentarily,  he  rested  on  his  fore  feet,  tracks  of  a  quite  dissimilar 
iture  would  have  resulted,  such  as  at  first  were  assumed  to  be  those 
f  an  animal  of  another  species. 

And  so  the  matter  rests. 

Dr.  James  Deane  was  born  at  Coleraine,  Massachusetts,  February 
4, 1801,  and  became  by  profession  a  physician,  pra(»ticing  at  Green- 
eld,  in  the  same  State.     Eminently  smtcessful  in  his  practice,  he 

nevertheless  found  time  for  study  and  work  in  other 
1^  of  Doctor        lines.     ''Not  a  moment  was  lost  that  he  could  spare 

from  the  great  labors  of  his  profession.  Late  into 
he  night  was  his  lamp  seen  glittering  from  his  casement  *  *  * 
vhile  he  was  copying,  with  his  masterly  touch,  these  replies  of  an 
mcient  era''  (Bowditch).  He  is  described  as  a  man  of  few  words, 
tough  of  a  genial  and  social  character;  of  a  tall  and  connnanding 
orm,  and  a  well  knit,  compact  frame;  a  man  whose  very  walk  con- 
reyed  an  idea  of  strength. 
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were  being  laid  down,  and  his  mind  was  doubtless  in  a  mood  to  raadik 
accept  any  pi-omising  discoveries.  He  recognized  the  fact  that  the 
mere  apparent  absence  of  fossils  from  the  crystalline  limestone  did  not 
seem  to  otfcr  any  proof  in  negation,  since  auoh  might  have  been  oblit- 
erated by  metamorphic  action,  and  he  referred  to  the  aiyumentt!  of 
T.  Hterry  Hunt  in  favor  of  the  possible  organic  origin  of  the  beds  of 
iron  ore  and  metallic  sulphurets  in  the  older  rocks.  When,  therefore, 
these  imitative  forms  were  brought  to  his  attention,  he  candidly 
acknowledged  himself  as  l)eing  dis[>osed  to  look  upon  them  as  fossils, 
and,  indeed,  he  exhibited 
them  as  such  at  the  meeting 
of  the  American  Association 
for  the  Advancement  of  Sci- 
ence at  Spnngheld  m  B5H. 

Subsequently  thm  sec- 
tions prepared  from  these 
were  referred  to  Dr  I.  W. 
Dawson  of  Montrtal.  who 
wa8  regarded  as  the  most 
practiced  observer  with  the 
raicioscope  To  Doctor  Daw- 
son then  may  be  given  » 
lii„  hiiicofnhat  \li  credit 
!■.  lu  f  r  the  r  toguitionnf 
the     uppos  d   anumil   nature 

!*■  •^^■"i^^"^!^   f^^'^-'^^P^         ^^^  ■'P'   iQ"""'  hi  t  exam- 
ined  l>v    Dan  St  1    win   fmm 
the  bast  of  tb*  s » i  died  Gren- 
"f    "^   ^        '  '/  ""        ^,  '  f*,^    \'    Mlk   Inestom    b»  loiv'in^' to 
1.  I  thi     highf  st     /oui        f    tlie 

,      "       "  ^  ».  1  -u       (  uiintMu    tlu   mi  -  of  thi' 

f  r  lo  k  1    ing  (omp<    «d    f  ^ivat 

1  ^  '  ,";'  j\^       ^  ''aid      mall    iiugiilm     agirro- 

^fiUs  of  wliti  tivotalline 
py roKPiic.  iutiTsp'-rsi'd  with  ii  multitude  of  small  space;*,  consisting 
nmiiily  of  curlKiTiiiti'  of  lime,  many  of  which  showed  minute  utructiirt's 
,iimil;ir  to  tiiut  of  llif  suppctst-d  fossil.  The  fjenenil  character  of  the 
rock  he  thouj,'lil  i-oiiveycd  the  impression  that  it  was  a  great  funi- 
niiiiifcriil  reef  in  which  tiie  pymsciiic  masses  represented  a  nioro 
jiiicient  portiim.  wliirli.  liming  dit'd,  had  become  much  broken  uji 
and  worn  into  <-iivitics  mid  deep  recesses,  affording  a  seat  for  a  new 
growth  of  foramiiiifcni.  represi-nted  by  the  cah-areous  and  serpontin- 
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ouspBrt.  This  in  turn  became  again  brokvn,  leaving  in  some  plfices 
uniojured  portions  of  the  general  torm. 

The  main  difference  between  thia  foraniiniferal  reef  and  more  recent 
coral  reefa,  he  thought  to  be,  that,  while  with  the  latter  there  are 
asoailr  afwociated  many  yhelU  and  other  oi^nie  remains,  in  rhe  mure 
ancient  one  the  only  remains^  yet  found  were  those  of  the  animal  which 
built  the  reef. 

Dawson  attacked  the  problem  from  the  zoologist'^  :4tandpoint.  To 
properly  understand  his  poeition  and  a\no  that  of  thoinc  who  combated 
his  arguments,  it  mu«t  be  rememtierod  that  the  science  of  micro- 
petrography  was  then  in  its  infancy:  in  ffict  the  possibilities  of  meta- 
iwuiatosis  or  alteration  by  indefinite  .substitution  and  i-eplacementwore 
only  beginning  to  be  realized  by  even  the  most  advanced  of  mineralo- 
gists and  geologists.  Hence  it  was  possible  for  two  men,  attacking 
the  same  problem  from  opposite 
titandpoiiits — the  one  as  a  chemist 
and  physicist  and  the  other  as  a 
zoologist — to  arrive  at  conclu- 
sions diametrically  opposed  to 
each  other. 

The  specimens  examined,  as 
already  indicated,  were  masses 
often  several  inches  in  diameter, 
presenting  to  the  naked  eye  al- 
tttmate  laminte  of  seipcntine,  or 
pyroxene,  and  car)>onateof  lime, 
their  genera!  aspect  reminding 
one,  as  already  noted,  of  the  Silu- 
rian Hydroids  of  the  genus  Stro-  nHnwl  tilccUinn  ot   Ewooh      Tnlm  (nun  ilie 

niatopora  (see  fig.  124).  Under  7urri^»no"n''F!;liti^\Mrrj  Iw^H^n'r 
the   microscope    Dawson   found 

the  lamina;  of  serpentine  and  pyroxene  to  present  no  organic  structure, 
the  pyroxene  iK'ing  highly  crystalline.  The  liiniiniv  of  carlionate  of 
lime,  on  the  other  hand,  he  thought  retained  distinct  ti-aces  of  struc- 
ture which  could  be  considered  only  as  oi^nic,  constituting  parallel 
or  concentric  partitions  of  variiible  thickness  inclosing  flattened  spaces 
or  chambers,  frequently  crassed  by  tran.ivei-se  plates  or  septa.  The 
laminfe  themselves  were  frequently  excavated  on  their  sides  into 
rounded  pits,  and  in  some  places  traversi'd  Ity  canals  and  (HMietnited 
by  numerous  minute  tubuli,  a  structure  which  can  l)e  liest  understood 
by  a  reference  to  fig,  VM. 

According  to  the  conclusions  of  Dawson,  the  calcareous  [lortion  rep- 
resented the  portion  of  the  original  shell,  the  serjwntinous  matter,  on 
the  other  hand,  being  material  intilti-ated  into  the  cavities  which  had 
been  occapied  by  Barcode  during  the  life  of  the  «i.mu\w.\.    ^^i  tt'i.'i.wt^ 
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Uie  supposed  organism  to  the  group  of  Rhrzopods  of  the  order  of 
foraminifera,  and  conceived  that  during  life  they  were  sessile  by  a 
broad  ba^e  and  ^^grew  by  the  addition  of  successive  layers  of  chiiD- 
bers  separated  by  calcareous  lamina  but  communicating  with  esdi 
other  by  canals  or  septal  orifices  sparsely  and  irregularly  distributed." 
He  im^iued,  further,  that  the  oi^nisms  grew  in  groups  which  ulti- 
mately coalesced  and  formed  large  masses  penetrated  by  deep,  insu- 
lar canals  and  that  they  continued  to  grow  at  the  surface  while  the 
tower  parts  became  dead  and  filled  up  with  the  infiltrated  matter  or 
sediment,  assuming  the  aspect  of  a  coral  reef. 

On  account  of  their  geolc^cal  position,  he  proposed  to  designate 
the  animals  by  the  name  of  Eosoon,  and  these  particular  ones  by  the 
specific  name  of  canadense,  and  in  his  annual  address  before  the 
Natural  History  Society  of  Canada  for  that  year,  referred  to  the  dis- 


CdVciT  as  •'"»('  of  the  brightest  gems  in  the  scientific  crown  of  the 
(ii'ologii-iil  Survey  of  I'lmadu.'' 

The  piiper  by  Dawson  was  immediately  followed  by  one  by  tho  well- 
kn<)wii  mieroseopist.  W .  H.  Carpenter,  whose  conclusions  wore  in 
cvcrv  wiiy  eontinnatorv  of  those  of  Dawson.     To  quote  his  own  words: 

TliHt  till'  Kiiy.oi.]!  liiiil-  ilK  projHT  plai'e  iii  lln'  furaminiferHl  seritv,  I  I'liiut'ive li> 
In-  c'i>ii(  I  naively  ]ir(ivi'ii  \>y  its  aiwjrilanro  witli  tlie  ^jrcat  types  iif  that  sfri<>s  in  all  tlie 
I'SW'Tiliiil  I'liHrai'tiTM  Iif  iirpitiir^tioti,  luimcly,  the  Rtriii^tnre  of  the  shell  fnniiin);  thi' 
|ini|«T  wall  iif  till'  iliiuiiliiTii,  iti  whirli  it  aj;''*'''''  liriticely  witli  Siininiulina  and  i<i 
allii?;;  lli<>  jirosi-iii'i'  u(  an  intrnniiiiati'  fkflt'tim  aii<l  an  eklxirate  I'Uiial  iiy!<leiii,  llie 
ilisjHisiliiiri  of  vvliii'li  ri'iiiiiKis  ns  most  of  fnlmriim;  a  niodi.-  iif  ('(immnnii'iition  of  Die 
rliHiiilKT!'  wlii'ii  tlii'v  lire  m-vX  rimiiiiftely  (H-jmrdted,  which  li*-  itw  exact  jwralW  in 
Ci/i-liH'iiin'iiK:  mill  ari  urilinary  want  of  corn  pic  ten  I'sis  r)f  seimraliim  Iwtween  the  chfliii' 
Ix're,  iiirrwimniiiiij!  Mitli  that  which  if  charaetrristie  of  Carjientaria. 
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The  chemical  and  miQer&logiciil  Ride  of  the  problem  was  taken  up 
ly  T.  Sterry  Hunt,  who  found  that  the  silicate  portion,  i.  e.,  the 
Wterial  filling  the  (chambers,  v/aa  composed  of  serpentine  or  pyroxene 
D  some  of  its  forms. 

It  is  not  surprising  that  the  finding  of  supposed  fossil  remains  in 
twks  so  old  as  those  of  the  I^iurentian  should  have  excited  the  widest 
ittention,  and  it  would  have  been  strange  indeed  had  »uch  irondusionH 
been  allowed  to  go  unchallenged.  In  1806"  there  w&s  read  before  the 
■me  society  a  detailed  account  of  the  investigations  made  by  Profs. 
William  King  and  T.  H.  Rowney,  of  Queen's  University  in  Ireland. 
Tltese  gentlemen,  although  claiming  to  have  had  no  misgivings  at  the 
commencement  of  their  investigations  as  to 
theEozoonal  origin  of  the  material,  never- 
theless attacked  the  problem  from  the  phys- 
ical and  chemical  rather  than  the  biological 
standpoint.  They  examined  in  great  detail 
»llof  the  structures  described  by  Dawson, 
(hough  not  having  access  to  all  his  materials. 
Their  conclusions  were  to  the  effect  that  (1) 
the  so-called  chamber  casfe  or  granules  of 
serpentine  were  more  or  less  simulated  br 
minerals  like  chondrodite,  coccolite,  pargas 
ite,etc.;  (2)thatthe"intermediate skeleton  ' 
was  closely  represented  both  in  chemical 
composition  and  other  conditions  b}  the 
matrix  of  these  minerals;  (3)  that  the  pioper 
trail  of  Dawson  was  structurally  identical 
with  an  asbestic-fonn  layer  which  was  fre 
:)uently  found  investing  the  grains  of  chon 
irodite,  and  that  instead  of  belonging  to  the 
skeleton  it  was  altogether  independent  of 
.hat  part  and  formed  an  integral  portion  of 
:be  serpentine  constituting  a  chamber  cast, 
4)  that  the  canal  system  was  analogous  to 
iie  embedded  crystallizations  of  native  siher  and  othei  siimlaih  con 
litioned  minerals;  and  (5)  that  the  type  examples  of  casts  of  stolon 
passages  were  isolated  crystals  apparently  of  pyrosclerite.  From  those 
Minside rations  and  the  perhaps  even  more  important  one  that  the 
Bozoonal  structure  was  found  only  in  metamorphic  rocks  and  never  In 
iinaltered  sedimentary  de|>osits,  they  concluded  that  every  one  of  the 
specialties  which  had  been  diagnosed  for  the  Eozoon  caiiiiii^\m  was  of 
purely  crystalline  origin. 

Such  conclusions  naturally  brought  forth  prompt  rejoinders  from 
Carpenter  and  others,  the  controversy  becoming  in  some  cawes  per- 
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flonal  and  often  not  particularly  creditable  to  thone  moet  interested. 
Thus  Carpenter  aocoiied  Bowney  of  never  having  seen  any  tranqwreat 
nectiona  of  Eozoon  thin  enough  to  give  a  good  view  of  its  tubnliferoia 
layer  until  he  himself  had  shown  it  to  him;  and^  further  than  that,  thit 
he  had  no  practical  knowledge  of  the  structure  of  nununuline  shelb  it  ^ 
best  His  paper  in  reply  to  the  statements  of  Bowney  concluded  witk 
the  remark  that  he  had  recently  had  his  attention  called  to  an  oceop 
rence  of  Eozoon,  which  was  preserved  simply  in  carbonate  of  lime 
without  any  serpentine  or  other  foreign  mineral,  and  showing  tka 
canal  system  very  perfectly.  This  he  felt  was  a  conclusive  answer  Id 
King  and  Bowney's  objection  No.  3,  to  the  effect  that  the  canal  systn- 
of  Eozoon  was  no  other  than  crystallization  of  metaxite,  an  alloalo^^ 
phic  variety  of  serpentine. 

In  this  same  year  Ferdinand  von  -Hoehstetter  found  in  the  crystal- 
line Azoic  limestone  of  Krumman,  Bavaria,  structures  which,  whea 
examined  by  Carpenter,  were  pronounced  by  him  to  be  unmistakaUy 
those  of  Ek>zoon. 

The  forms  thus  far  found  were  limited  to  the  Laurentian  rocks,  and 
were  regarded  by  both  Logan  and  Dawson  as  important  ^^boriioB 
markers,''  i.  e.,  as  affording  presumptive  evidence  in  fiivor  of  the  Lau- 
rentian age  of  all  rocks  in  which  they  might  occur.  The  announce- 
ment by  C.  W.  Odmbel  of  finding  Eozoonal  structures  in  the  Hercyniaa 
j^neisHPH  of  Buvaria,  regarded  by  him  as  of  Huronian  or  Cambrian  age, 
was,  therefore,  lK)th  disconcerting  and  encouraging  to  the  Eozoonisti». 
(lunil)ol  himself  adopted  enthusiastically  the  conclasions  of  Carpenter 
and  Dawson  as  to  the*  or^nic  nature  of  the  forms.  "  This  discovery,*' 
h(»  wrotts  '^at  once  overturns  the  notions  hitherto  commonly  enter- 
tained with  regard  to  the  orij^in  of  the  stratitied  primary  limestones. 
In  this  discovery  W(»  hail  with  joy  the  dawn  of  a  new  epoch." 

In  IS()7  Sir  William  Lo^an  a^in  brought  the  matter  to  the  atten- 
tion of  the  (leological  Society  of  London,  submitting  a  specimen  of 
Kozoon  obtain(»(l  in  the  township  of  Tudor,  Hastings  County,  Canada, 
in  which  the  serp(»ntine  minerals  were  quite  lacking,  it  l)eing,  in  fact, 
the  specinu^n  ahove  refern»d  to  by  Carpenter.  This  was  examined 
and  (lescrilnxi  l)v  Dawson,  who  thought  to  be  able  to  detect  all  the 
(»sscntial  characteristics  of  the  true  Eozoon.  In  presenting  his  descrip- 
tion of  this  new  tind,  Daw^son  took  occasion  once  more  to  challenge  the 
work  of  M(»ssis.  King  and  Rowney,  and  accused  them  of  making  the 
fnndamentnl  error  of  defective  observation  in  failure  to  distinguish 
lH»twt»en  oripinic  and  crystalline  forms,  an  ac<^usation  which  he  sub- 
stantiated ( i)  by  a  long  argument  not  necessary  to  reproduce  here. 

From  this  tinn*  on,  litemture  on  both  sides  of  the  Atlantic  contains 

many  n^fen^ices  and  matter  more  or  less  rele^int  to  the  discussion. 

By  many  of  the  U^st  informed  the  organic  nature  of  the  fossil  wascon- 

sidrivd  to  Im»  an  open  iiuostunx^  wwd  Wt  few  American  geologists,  so 

far  ns  I  am  aware,  over  opeiAv  advoevAftdiW., 
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In  lS7l  Messiv.  Kin^and  Kownoy  road  before  the  Royal  Irish  Acad- 
?my  a  jwpiM'  on  the  geoh)j^ical  a»^e  and  structure  of  the  serpentine 
iiiarbh*  of  Skvc,  in  whieh  ref<»renee  was  made  to  structures  (doselv 
nmulatin^  those  of  the  Kozoon,  the  rock  in  this  cjise  being  of  Lias^ic 
ijfe,  and  the  imitative  forms  beinj^f  th(»  n^sult  of  structural  and  chemical 
:bange8  to  whieh  such  siliceous  minends  as  malacolite  and  otluM* 
varieties  of  lime  maj^nesian  pyroxem^s  were  characteristically  liable. 

This  i)aper  was  followed  the  same  year  by  another  on  the  mineral 
mgu\  of  the  so-called  thzotm  ('(Htftdmse,  which  i)ass<»d  in  r<»view  all  of 
he  accumulated  evidence  lM)th  for  and  apiinst,  reiterating  and  emplia- 
izing  many  of  the  statements  made  in  previous  papei's.  They  h(dd 
hat  the  so-called  intermediate  skeleton  and  the  clmmlwr  castas  of  the 
!k>zooii  were  completely  paralleled  in  various  crystalline  rocks  con- 
aining  pyroxene,  the  chamber  casts  being,  in  fact,  comi)osed  occa- 
ionally  of  loganite  and  mal:u*olite  besides  sei'pentine,  a  fact  which, 
istead  of  favoring  the  orgjinic  origin,  as  claimed,  was  to  1k»  held  Jis 
•roof  of  their  having  been  produced  by  mineral  agencies. 

With  reference  to  CTumbeFs  observations  regarding  the*  rounded 
ylindrii^l  or  tiUx^rculated  grains  of  c<K'colit(»  and  ]Kirgjisite  which  he 
ound  in  various  crystalline  marbles  and  supposed  to  b(»  chamb(»r  casts, 
hey  claimed  to  have  found  upon  such  grains  crystalline  planes,  angles, 
nd  edges,  '*  a  fact  clinirly  proving  that  they  were  originally  simple  or 
ouipound  crystals  that  have  undergone  external  decretion  l)v  chemical 
T  solvent  action." 

The  «o-called  nunmuditic  laver  thev  contcMided  had  originatcMl 
lirectly  from  closely  packed  fibrous  or  aslx^stiform  s<M'pentin(»,  and  that 
t  occurred  in  cracks  or  tissures  in  both  tin*  Canadian  and  ConncMuara 
Ireland)  ophite.  The  fact  that  the*  two  su|XM-iH)sed  asbestiform  laycM-s 
orming  the  upper  and  under  proper  wall  and  their  component  aciculi 
>ften  passed  <*ontinuously  and  without  interruption  fi'om  one  chamber 
a8t  to  another,  they  argued  was  totally  incompatible  with  the  idea  of 
his  uummuline  layer  having  resulted  from  pseudopodial  tubulation. 
?he  cimal  system  they  found  to  be  composcHl  of  serpentine  or  malaco- 
ite,  and  to  l>e  completely  paralleled  by  crystalline  configurations  in 
he  coccolite  marble  of  Ak(»r  in  Sw^eden,  and  in  the  cn»vicesof  a  crvstal 
'f  spinel  embedded  in  a  calcite  matrix  from  Amity,  Xrw  York. 

Finally,  they  argued  that  the  o<*curnMice  of  the  Kozoon  solely  in 
fA'stalline  or  metamorphosed  rocks,  and  never  in  ordinary  unaltcnnl 
leposits,  must  be  assumed  as  completely  demonsti'ating  their  |)urely 
aineral  origin.  The  papc^r  was  aggressively  argumcMitative  from  the 
^tart  and  ex>ntains  a  verv  scathing  review  of  Dawson's  work,  further 
expressing  a  willingness  to  renounce  tlu*  controvc^rsy  altogether, 
"fully  l)olieving  that  I)o<tor  Dawson  can  employ  his  time  more  us(»- 
fully  on  other  subjects  than  that  of  Ko/oon." 
NAT  MCM  IWM n 
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Tlifi  evideooe,  however,  wan  not  altoK^^tbtM'  kho  way.  Ma\  Si-liult/r. 
after  an  ezaminstion  of  a  t^ppcitnen  tmiiftruitted  him  by  llnwson, 
anBouncmg  that  "dtere  taa  b<?  no  serioiid  doubt  »s  lu  thv  foranii- 
niferal  nature  of  £ixoon  oanadensr':'"  Further  PTideucp  agniiiKt  tlw 
oi;gaiiio  nature  of  the  Eozoon  w»s,  however,  fumixhed  l>y  Mr.  H.  J. 
Carter  in  1S74,  in  a  letter  to  Professor  King,  and  published  in  tht 
Annals  and  Magazine  of  Natoml  History  of  that  year.  After  u  miuc- 
what  elaborate  omupariaon  of  the  structure  of  Kozoon  with  that  ot 
known' fonuninifeia,  he  wrote: 

But  in  ywiaAo-ma  seek  in  tfaeBOuiliod  Emoun  canadauir  iai  ma  unvaryiug  icrpen- 
dlcnUrtabnU,  themegiMnonof  toTHiiiiiiiferal  etructnre.  *  *  *  In  ohort. 
doirelookfortheca^oftniefonuiiiiilferoiwdiAiiilH'rMat  Mil  in  ihFiirK'n«<'r^ry«iK 
tine.  Tlwr,  for  the  inoet  p«ii,ue  not  imbplolnil.ir  imi  Mi)>pri-Tri:iiii 
defldeadM  I  am  at  a  loaa  to  con<T«-ive  liuw  ilu'  s<>-<"illi'<l  I'.'.:,,..,,  ,.,, 
tdnttiflodwlthf6raininiferonBBlracture«xi«pt  liy  tin-  v>ili]<-r^l  niiijir  ti 

To  the  oonoluaons  of  Carttr,  Carpenter  took  violent  exception  and 
accused  that  gentietnan  of  nob  having  read  anything  that  had  be«B 
written  bearing  upon  the  other  Hide  of  the  question;  nf  having  iw 
comprehensive'  knowledge  of  foi-aniini  feral  strut-ture,  and  of  havioif 
seen  only  those  samples  of  Eozuon  submitted  by  Professor  King;  and 
hence  bis  imputation  to  the  effect  that  the  organie  natum  of 
Eoxoon  had  no  other  basib  than  "the  wildest  <x>ojecture"  whs  to  b« 
regarded  '^simply  as  specimens  of  a  new  method  of  language  whicft 
might  be  termed  Cartorsf."  He  then  went  over  one*  more  certain 
disputed  points  and  concluded  by  saying: 

An  experience  of  thirty-flve  yeaij-     -     •    *     has  jnven  ine,  I   venture  to  I 
some  speeial  aptitude  for  recognizing  organic  stnii'tnre  irlien  I  see  it;  and  I 
saw,  in  any  foeeil  whatever,  more  di^tiru't  evidences  nf  or^snio  ^Inii-tnre  lliaii  an  to 
be  Been  in  theoe  liner  ramifications  of  tlie  I'annl  cyRteni  of  Eo»>on.« 

Perhaps  the  most  important  paper  on  the  subject  after  those  men- 
tioned was  that  of  Dr.  Carl  &Uiot)ius,  of  Kiel,  in  187!*,  Moebiw.  it 
should  be  noted,  wais  a  zoolo^^ist  and  mieroscopist.  He  claimed  to 
have  been  first  led  to  the  study  nf  the  Eozooii  through  observations  of 
'  the  structure  of  a  rhyzo]>od  found  by  him  in  1874  on  the  i.xirsl  reeft 
near  Mauritius.  Sections  of  these  growths  so  closely  resembled  t^ 
representations  of  Kozoon  sections  published  that  he  re^«lvod  to 
make  a  careful  investigation  of  the  latter  for  puiposea  of  compariwHi 
with  bis  Carpf.iif<ir!ii-  'mphiilmL-nilrnii  and  other  foraminifera.  With 
this  object  in  view,  he  inventigateti  upward  of  iW  Ek>zoon  sections, 
which  were  placed  at  hi.s  disposal  through  the  kindness  of  Docl'ff 
Carpenter,  and  many  of  which  originally  lielonged  to  Professor 
Dawson. 


"  For  treweley  then'  ib  mmii  of  an  all, 
If  any  wight  wol  claw  us  on  the  gallv, 
Thai  wen^\  kiWe." 


sot  I 
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The  result  of  Moebiu8-.s  work  was  not  at  all,  presumably,  what  Car- 
nter  wa«  led  to  expect  or  Dawson  to  hope.     He  wrote: 

riy  task  was  U)  examine  the  Eozuon  from  a  Inological  point  of  view.  I  com- 
need  it  with  the  expeirtation  that  I  hIiouM  Hiin^eed  in  establishing  itts  organic 
^n  beyond  all  doubt,  but  facts  le<l  me  to  the  contrary.  When  1  saw  firnt  the 
lutifulstem  systems  in  Professor  Carjienter'M  sections,  I  became  at  once  a  partisan 
the  view  of  Professor  Dawson  and  ProfeHst)r  C'arpenter,  ))ut  the  more  good  set> 
ns  and  isolateil  stems  I  examineil  the  more  dou))tful  be<»me  to  my  mind  the 
panic  origin  of  Eozoon,  until  at  last  the  most  magnificent  c«nal  systems  taken  alto- 
her  and  closely  compared  with  foraminiferal  sections  preached  to  me  nothing  })ut 
» inorganic  character  of  Eozoon  over  and  over  again. 

Dawson  thereupon  became  particularly  indignant,  and  characterized 
oebius's  work  as  furnishing  ^'only  another  ilhistration  of  partial  and 
perfect  investigation,  quite  unreliable  as  a  verdict  on  the  <|uestion 
hand/'  He  claimed  that  Moebius  should  have  studied  the  fossil  /V 
fi  and  in  its  various  stages  of  preservation;  that  he  confounded  the 
>roper  wall"  with  the  chrysotile  veins  traversing  many  of  the  speci- 
jns;  and  that,  further,  in  his  criticisms  he  regarded  ench  structure 
parately,  and  did  not  '^consider  their  cumulative  force  when  taken 
jether."    This  cumulative  force  he  presented  as  follows: 

1.  It  (i.  e.,  Eozwm)  oc<rur8  in  wrtain  layers  of  widely  distribute*!  limestones,  (»vi- 

atly  of  aqueous  origin,  and  on  other  grounds  presumably  organic. 

I.  Its  general   form,  lamination,  and  chand)ers  resemble  those  of  the  Silurian 

wmitopora  and  its  allies,  and  of  such  modern  sessile  foraminifera  as  Carjtentaria 

d  PoliftreTna. 

I,  It  shows  under  the  microscope  a  tubulated  proper  wall  similar  to  that  of  the 

mmulites,  though  of  even  finer  tekture. 

i.  It  shows  also  in  the  thicker  layers  a  secondary  or  supplemental  skeleton  with 

oals. 

5.  These  forms  appear  more  or  less  perfectly  in  specimens  mineralize<l  with  very 

9erent  snbstancres. 

8.  The  structures  of  Eozoon  are  of  such  generalize*!  character  as  mightbeexiKH^'te*! 

a  very  early  Protozoan. 

7.  It  has  been  found  in  various  parts  of  the  world  under  very  similar  forms,  and 

beds  approximately  of  the  same  geological  horizfjn. 

S.  It  may  be  added,  though  i)erhaps  not  as  an  argument,  that  the  discovery  of 

ooon  affords  a  rational  mode  of  explaining  the  immense  development  of  limc- 

mee  in  the  Lauren tian  age;  and  on  the  other  hand  that  the  various  attempts  which 

ive  been  made  to  account  for  the  structures  of  Eozinm  im  other  hypotheses  than 

at  of  organic  origin  have  not  })een  satisfactory  to  chemists  or  mineralogists,  as 

x:tor  Hant  has  very  well  shown. 

Singularly  enough,  although  found  on  the  \V(»stern  Continent, 
;tive  work  regaixling  the  nature  of  the  Kozoon  was  confined  largely 
>  the  Canadians  and  English,  with  an  (M'casional  European  collalmra- 
3r,  workers  in  the  United  States  taking  little  part  in  tlir  dispute  so 
ar  as  indicated  by  litemtun*,  although  wat<'hiiig  the  contest  with 
nterest  and  becoming  more  or  less  partisjins,  according  to  the  extent 
rf  their  own  observations  or  Xlw  <'hai*acter  of  the  evidence  offered. 
In  1871  Messrs.  Burbank  and  l*errv  made  a  study  ol  XXi^  ^Lv^-lvsqwvj^ 
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liiij.-.toiK-  ...'.'iiiriDg  Rt  Ohdmsford,  Bolt.xi.  ami  l(..\l..>i<>.  mi  .Ma 
ohiwetbi,  mid  arrived  at  the  conclusion  that  the  ]imeiitone»  were 
Jthemselves  of  a  sedimentaty,  but  a  vein-like  dianM^r,  and  that  t 
sequently  the  Eosoob  itself,  as  there  oocarrfaig,  must  be  oi  min 
and  not  orfpuiic  origin. 

Meantime  ihe  stud;  of  micro^petn^nipl^  me  Mtesdily  advand 
and  it  was  noticeahle  tiiat  none  of  the  worlierB  along  these  Mr 
developed  linea  of  research  were  dispoeed  to  regard  the  Eoaoon  ai 
other  tban  inorganic  origin.  Prof.  T.  Q,  fionney,  of  St  John's  < 
lege,  Cambridge,  England,  who  in  1876  announced  his  oi^weitiai 
the-theory  of  organic  origin,  in  1684  viaited  one  of  the  most  notec 
the  Canadian  localities  in  company  with  Doctor  Dawson,  and  pabtis 
the  results  of  his  observatKHis  in  the  Qeological  Magacine  for  It 
but  contented  himself  with  deacriMng  the  mode  of  occnrreoce  i 
structure  of  the  mass  witiiout  committing  himself  further  bb  to 
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1H.'ii(tne:  llie  top  rihsh  bring  bIkiiU  :i  Icvt  3  Inched  lonjt.  The  a>iif>  uf-'Eozoon"  irelndicalr 
the  bmkfii  wavy  lliii-s  Kvnrrally  Mim>iiiulln|i  thew  tiulwh.  The  renuinder  of  the  tDTk  tf  i 
rTj-Ktalllne  llmeHliinv  K|ii>ltc<l  ullh  KTHiiiilar  wqiciiiiiic.    (Afti-r  T.  <i.  Rounef,  > 

oriKi".  Fniiii  this  paper  wtu*  tukcii  tlie  oiTompanyiiig  figure, 
roiiclusioiif  Mj  fur  as  given  were  to  ttie  ctffct  that  the  Eozoon  of 
(Kvurs  ill  ilnsi>  rdiilioii.  on  the  one  Imml.  with  a  fundamental  mas 
tihnost  pure  pyroxene  (or  weviK'ntiue  vesulting  from  it**  alteration); 
on  the  other  hand,  with  a  fairly  large  mass  of  crystalline  limest 
containing  more  or  less  numerous  gmins  of  pyroxene  or  serjienti 
He  found  nothing  to  lead  him  to  think  the  Koiioonal  s[>i'cimeR8W 
Mocks  of  f<uTign  material  metamorphosed  hy  l>econ)ing  included 
eitlier  a  voli-anic  or  ])luloiii('  mass  as  has  lieen  suggestetl  (see  p.  W 
Tlie  stnieturo.  to  his  mind,  ottered  a  choiee  l)etweeii  two  inlerprt 
fioHs  only.  It  "is  <'itlier  a  n-cord  of  an  orgiinism  or  a  very  pecol 
itnif  exceptional  contUt'u)^"^  »\.\i\v<.iww  wmvUttof  Laurentian  Bge.* 
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Tlir  fact  tliat  the  liiiio  iiui^iH'siaii  ]»\  toximio,  through  a  ]inM'rss  of 
iiMiiical  iiietutnorpliisin^  ))sis.sc(i  ovrr  into  s(M'i)<'iitiiu%  and  that  many 
■  the  siippcsed  sarcode  chamU^'s  were  tilled  with  jjraiiules  of  this 
atcrial  in  all  stajifes  of  this  altenition  was  from  time  to  time  noted 
i  Messrs.  Kin^^and  Kowney,  Julien,  Williams,  Wadsworth,  Merrill, 
id  others.  The  evidence  thus  presented  was,  however,  wholly  with- 
it  effect  on  AI<»ssrs.  Carpenter  and  Dawson,  who  to  the  very  last 
^mained  true  to  their  convictions,  and  as  late  as  1SJ*5  Djiwson  reviewed 
\e  subject  with  seeming^  thorouj^hness  and  announced  his  orio^inal 
Mnion  as  unchanged. 

It  lemained,  however,  for  J.  \V.  (ireofory  and  II.  J.  Johnston-Lavis, 
►  give  the  deathblow  to  the  theory  as  late  as  ISIU  and  1894.  (irej^ory, 
•oiii  an  exhaustive  study  of  Dawson's  original  specimen  of  the  so-called 
udor  Eozoon,  arrived  at  the  conclusion  that  the  same  was  wholly  of 
1  inor^nic  nature.  After  a  careful  examination  of  all  the  slides  and 
inures,  he  wrote: 

I  miist  confe**!*  inyeeH  aliw^liitely  unable  to  recognize  in  t\w  siHH'inien  any  trace  of 
i€  projier  wall,  («nals,  or  ntolon  jiaHHajrcH  which  are  i'lainie<l  to  (wciir  in  Kozoon. 

The  case  against  the  orjipinic  natui'e  of  the  ^|K^cimen  did  not,  how- 
^•er,  rest  \x\X)n  negative  evidence  alone.  The  rock  was  intensely 
leaved  and  crumpled.  The  twin  laminju  in  the  planes  of  crystalline 
leavage  in  the  calcite  bands  were,  however,  not  Ix^nt.  Further  than 
lis,  the  l)edding  plane  could  Im»  tniced  directly  a<i-oss  the  sp(»cimen, 
raversing  the  limestone  in  the  suppose<l  body  cavities.  These*  facts 
"ould  seemingly  prove  conclusively  that  the  supjK)s(»d  organic  forms 
"ere  not  original,  })ut  wholly  secondary  and  due*  to  metamorphism. 

John.ston-Ljivis\s  later  work  was  perhai)s  (*ven  more  <h*cisive,  since 
e  showed  that  structures  in  every  way  similar  could  b(»  produced  by 
ae  action  of  heat  ujx>n  limestone.  His  conclusions  w(m*<»  based  upon 
n  examination  of  microscopic  slides  from  blocks  of  limestone  in  the 
olcanic  tuffs  of  Monte  Sonuna.  To  aj)pnM'iate  his  evidcMice  it  nnist 
n  remembered  that  these  blocks  art*  ejected  from  the  volcano  and  arc 
Mind  embedded  in  a  tutl*  consisting  largely  of  pumiceous  lava.  Th(\v 
ccur  lis  irregular,  angular,  or  subangular  masses  ranging  to  more 
lian  a  cubic  meter,  though  conmioidy  less  than  a  (juarter  of  that  siz<'. 
liei'  have  been  acted  upon  by  tin*  heat  and  va])ors  of  tin*  volcano  and 
lore  or  less  completely  metamorphosed,  giving  ris<'  to  various  sili<*ate 
ninerals,  including  pyroxene,  olivine,  ei)idote,  mica,  etc.  The  stru<- 
ure  of  the**e  altered  limestones  is  entin»ly  ditlerent  from  that  of  the 
iimltei-ed  material,  and  corresponds  in  all  (h^tails  with  those  of  the 
iriginal  Canadian  specimens,  in  many  cases,  on  account  of  their  fresh - 
ies8,  exhibiting  some  of  tlu*  ])seu(lo-organic  structure  details-  such  as 
itolon  pa.ssagfes — in  far  greater  pcrf<*ction  than  does  lh«»  true  so-called 
Eozoon. 
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It  has  been  noted  that  American  workers  took  comparatively  htl 
part  in  active   research,  though  it  does  not  necessarily  follow  tl 
examinations  of  th(»  pioblematic  bodies  were  not  made  sufficient 
enable  them  to  hold  opinions  of  their  own.     It  is  interesting,  tliei 
fore,  to  note  that  few  of  the  active  workers  accepted  unhesitating] 
the  organic  theor}^  and  many  of  them  rejected  it  entirely.     The  c( 
sensus  of  opinion  to-day  is  so  decidedly  against  the  organic  nature 
the   l)ody  that  it  may  be  considered  as  J)rmrtically  settled,  althonj 
Dana,  in  the  latest  issue  of  his  Manual,  includes  a  copy  of  one 
Dawson's  original   figures,  and  sums  up  the  evidence  pro  and  a 
w  ithout  prejudice. 

There  is  apparently  no  doubt  but  that  this  simulative  form  is  di 
merely  to  a  process  of  chemical  metamorphism,  a  process  of  indefinil 
substitution  and  replacement,  technically  mefa^omatvsU^  acting  u] 
rocks  which  are  gi*anular  aggregates  of  lime-magnesian  p^-roxew 
with  more  or  less  calcareous  matter,  the  serpentine  being,  in  all 
secondary.  Such  an  origin  is  suggested  at  once,  even  to  the  uninil 
ated,  by  reference  to  figures  like  that  of  Bonney's,  on  page  644.| 
Similar  structures  have,  moreover,  been  noted  by  various  obser\en| 
in  rocks  which  were  unmistukably  of  igneous  origin.  J 

Specialization  is,  undoubtedly,  essential  to  the  rapid  advancement  ofl 
knowledge,  }>ut  there  is  dangcn*  of  specialization  being  carried  too  far— I 
danger  that  the  indi^^lual,  through  insufficient  breadth  of  tniinintrt»r 
through  too  close  applii*4ition  to  his  own  particular  hobby,  may  ignore 
the  work  of  his  neighbor  jiioiig  other  lines,  and  perhaps  in  time 
b(»('oine  so  inunuiH*  as  to  be  una})l(»  to  appr(*ciate  that  work,  even  when 
its  details  aro  laid  before  hini. 

in  th(^  i*(»vi(*w  of  th(»  Kozoon  (juestion,  nuich  must  l>e  allowed  for  the 
gi'owtli  of  scicMice  the  gnidual  increase  in  knowledge  regarding  Ijoth 
mineral  structure  and  mineral  aittM'ation.  Still,  one  who  peruses  thoe 
papc^rs  can  but  feel  that  had  M(\ssrs.  Dawson  and  Carpenter  had  a  little 
nioi'e  knowledge  of  mineralogy  they  would  have  been  less  dogmatic 
in  their  asseitions,  and  it  is  possible  that  had  Messrs.  King  and  How- 
n(»v  had  more  knowledifc  of  foraniiniferal  structure*  thev  mii^ht  have 
been  less  harsh  in  theii-  critieisnis. 

"  '  My  chilthi'ii.'  the  chainoltM^n  crieH, 
(TIh'm  tii"st  tlh'  rreature  fonml  a  tunjifms) 
'  You  all  are  ri^lit  aii<l  all  are  w  ron^. 
When  next  von  talk  of  wliat  vnn  view, 
'I'hiiik  «»thers  see,  an  well  as  you, 
Nnr  \\<)n<ler,  if  \iA\  HikI  tliat  none 
F*referH  y<>nr  eye.sight  to  hiw  own. 


>  »> 


CHAPTER  X. 

THE   LARAMIE  QUESTION. 

will  be  recalled  that  Hay  den,  in  his  annual  report  for  1872, 
rred  to  the  fact  that  during  his  explomtions  of  the  Tertiary  forma- 
^  along  the  upper  Missouri  River- in  1854-55  he  made  large  collec- 
3  of  shells  and  plants,  many  of  which  were  quite  new  to  science. 
ing  the  succeeding  years  up  to  the  autumn  of  1860  these  explorations 
3  extended  and  larg'e  additions  made  to  the  collections,  which  were 
ribed  from  time  to  time  in  the  current  literature. 
le  shells  were  all  of  extinct  species  of  fresh-water  origin  and,  while 

did  not  appear  to  he  positively  characteristic  of  any  age,  were 
.rded  by  Meek  as  more  nearly  resembling  Tertiary  types  than 

other.  The  fossil  plants  were  mostly  of  extinct  species  and 
irded  by  Newberry  as  also  of  Tertiary  age,  probably  Miocene, 
rom  evidence  of  this  kind,  accunuilated  during  the  various  expe- 
ms,  Hay  den  had  announced  th(*  (^onv*  /lOn  that  these  lAynttlr 
ba,  as  he  called  them,  which  had  been  found  to  occupy  such  vast 
.s  in  the  upper  Missouri  Valley-  extending  far  southward,  with 
'  little  interruption,  to  New  Mexico,  and  westward  into  the  interior 
le  continent — were  p]*()l)al>ly  all  portions  of  one  great  group,  inter- 
red here  and  there  bv  mountain  chains  or  concealed  bv  more  modern 
)sits,  and  from  the  identity  of  their  fossil  floni,  all  of  Tertiary  age. 
e  then  went  on  to  sttitc*  that  his  studies  of  the  lower  coal  beds  at 
r  River  City,  Wyoming,  and  C'oalville,  Ttnh,  in  186S,  had  con- 
ed him  that  these  particular  bods  were  of  Cretaceous  age,  but 
itting  this,  he  felt,  would  be  to  admit  the  Cretaceous  age  of  all 
coal  beds  of  the  Northwest,  and  in  so  doing  to  ignore  the  evidence 
he  fossil  Horn  altogether.  Tlu*  facts  then  at  hand,  he  thought, 
led  rather  to  point  to  the  conclusion  that  the  deposition  of  all  the 
iiti(*  strata  began  during  the  latter  ])ortion  of  the  Cretaceous 
od  and  continued  on  into  Tertiary  time  without  any  marked  physi- 
break,  so  that  many  of  the  Cretaceous  types,  especially  of  the 
ebrata,  may  have  lingered  on  through  the  transition  period,  even 
the  Tertiary  epoch.  Inasnnich  as  this  statement  contains  the  iii-st 
rfactory  recognition  of  the  full  impoitance  of  what  later  became 
wu  as  the  Laramie  tjuestion,  and  inasmuch,  further,  as  the  dis- 
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ciUHdon  brought  out  many  inlin-tin);  t\u-l--  iiixl  ii|iiin<>Fis   i->-l:itiu'  o 
tbe  proportiorikl  value  of  the  variotu  kindB  of  fonil  remaiiM  w  boiim 
mArken,  the  subject  ma;  be  dwelt  upon  in  some  detaiL 
It  is  well  to  anticipate,  however,  in  order  to  more  readily  undenlMd 
'    what  is  to  follow,  Ibat  Hayden  made  a  ftiadammtal  error  in  dm 
asBuraing  an  identity  of  age  for  all  tbe  lignite  strata.     Had  he  rtslind. 
the  fttct,  afterwards  abundantly  provea,  that  essaitially  omilar  tmH- 
tioDS  existed  at  various  periods  in  localities  not  widely  remote  fiw 
one  another,  and  which  were  pToducdve  of  very  simi^  reeDltB,  At 
aoH»lled  "  Laramie  question,"  as  it  is  known  to-day,  would  never  ban 
arisen.    'Hie  apparently  conflictiii^'  i-hiinirii'i-  nf  tln'  fo^^il  ivitaiasof 
plants  and  animals  was,  nevertbel<'>vs.  rxiiinulv  ronfusin^.  und  i 
discoMxion  and  verbal  warfiire  during  tiic  ^j-iiidiml  iiounuiUtiitu  ot  Iht 
neoeaaary  data  for  tbe  final  setth'tn'-nt  <>f  tin-  pruMcni  wgin  iHiaad  b> 
^arise.     It  will  be  well  to  note,  funlRT.  tliat  tlit-  lonilitirs  from  iriMBee 
was  derived  the  major  portion   ni    tli<-  ividt-ni-i'    hi-nujrlil  to  I 
were:  Fort  Union,  Mebra^a;  the  ■Iiulilli  ItiviM,  uti  th<' upper  Misso 
Montana;    Coalville,   Utah;  and    Itcur   River  uml    Bitter  Creek 
Wyoming.     Incidentally,  other  Idealities  in  Colorado  nrul  N'i>w  Uesieo 
came  in  for  discussion. 

i  During  t)ie  season  of  18T2Leequereiiz,Meekf  and  Cope  were  an^ned 
'  by  Hayden  to  wotk  in  areas  which  seemed  to  attoid  the  most  promisiif 
opportunit]«f)  for  deciding  the  question  ae  to  the  precise  position  nf 
the  bod»  in  the  geological  scale.  Tbeir  reports  as  rendered  in  the 
annual  reports  for  1S72-73  were  widely  divergent  and  did  little  more 
than  to  emphaNize  the  existing  confuf<ion. 

Lesqiioreux  worked,  of  course,  wholly  from  a  paleohotanical  stand- 
jxtint.  He  explored  the  plant-bearing  t'retaceous  strata  of  the  Pakota 
gi-oiip  and  the  valley  of  the  Saline  River,  an  well  as  the  Suioky  Hill 
Fork  of  the  Kansas  River  and  the  Lignite  fonnations  of  the  Kockv 
Mountains  from  Trinidad  to  Clievenne  and  along  the  Union  Pi«.-i&' 
Railroad  to  Kvanston.  He  niade  extensive  eollection»  and  studied  tbr 
materials  in  great  detail,  i-onipu-ing  the  forms  found  with  these  from 
simdry  of  the  known  gcologioil  horizons  in  Eui-ope,  The  Hunitiiary 
<if  his  ronclusions,  us  given  in  his  own  words,  was  to  the  effeet  - 

That  the  (ireat.  l,i)£iiitii-t!niii]i  iiiiii't  l)e  <'Oni'iilt-T<il  asd  whole  and  well-«liMra<<eriw' 
fi'miHtiiiu,  liiiiitnl  lit  it-'.lffKe  1>y  tlii'  fui'niilal  Ninilt>t<ine,  at  itti  tup  by  Die  i-oiikIuiii- 
frate  Ih-'Ic;  (IibI  iiiclc|H'inU-ul  fniin  tlic  CivtaiiiiiiH  under  it  and  fniin  Hii-  MirtfU'' 
alxivi'  it  iiiir  jijtfmlk  fnrttiatioiix  n'lireM'nl  Ihit  AiiiiTuvn  Ki>cen(!. 

Meek  regnrdcil  the  (.V>alville  and  Hear  River  l»eds  a»  t'retaceous. 
but  argued  for  the  Hitter  Creek  beds  tliat  the  entire  absence  among 
the  invertebrate  f<issils  yet  fduiid  of  lionii itiK,  StiifiMtr-Jt.  Atn-j/liMviv. 
/>(/.■/,/«■,-/■./.*,.  I  »„»-,«/>- ^,  tl./r-'il-H,  .1,,. ■/,<„■«,  //(wv-n/w»«,  and  all  of  Ite 
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long  list  of  gciiom  clianu'tcristu-  of  (lie  Civtuci'ous  cci'taiiily  left 
>llusaiii  fauim  with  st  rong  Tertiary  facies.  Whni,  hovvevtM*.  he 
to  eonsider  these  fossils  in  their  sjwcitic  relation  he  found  that 
ith  possibly  two  or  three  exceptions,  were  new  to  science  and 
different  from  those  vet  found  either  at  Bear  River  or  Coalville, 
deed,  elsewhere  in  any  of  th(»  established  horizons.  He  felt, 
fore,  that  he  could  scarcel.y  more  than  conjectures  from  their 
ic  affinities  to  known  forms  what  the  probable  age  of  the  rocks 
:  be  in  which  thev  were  found.  He,  however,  called  attention 
I  following  fa<^ts  relative  U)  the  age  of  the  formation  as  found  at 
•  Creek: 

st.  That  it  was  conformable  to  an  extensive*  fresh-water  Tertiarv 
ition  above,  from  which  it  did  notditfer  materially  in  lithological 
cters  except  in  its  containing  numerous  beds  of  coal, 
ond.   That   it  seemed   also  to  be   conformable  to  a  somewhat 
ently  comiK>sed  group  of  stratji  below,  appjirently  containing 

if  any  coal,  and  believed  to  be  of  Cretai  eous  age. 

rd.  That  it  showed  no  essential  difference  of  lithological  char- 

;  from  the  Cretaceous   coal-bearing   rocks  at    Bear  River  and 

ille. 

irth.  (Omitting  references  to  Lesc|uereux's  determinations)  that 

animal  remains  thus  fur  known  were  specifically  different  from 
f  those  found  in  any  other  formation  of  this  region,  with  possibly 
r  three  exceptions. 

th.  That  all  its  known  invertebrate  remains  were  mollusks,  con- 
^  of  al>out  thirteen  species  and  varieties  of  marine*,  brackish, 
resh-water  types,  none  of  which  belonged  to  gene»ra  peculiar  (o 
retaceous  or  anv  older  rocks,  but  all  to  such  as  are  alike  coimnon 
3  Cretaceous,  Tertiarv,  and  pre^sent  epochs,  with  iK)ssibly  one 
•tion. 

th.  That,  on  the  other  hand,  two  or  three  of  its  species  belong 
etions  or  subgene»ra  apj)an*ntly  characteristic  of  the  Eocene- 
iry  of  Europe,  and  even  very  clos(»ly  allied  to  species  of  that  age 
I  in  the  Paris  basin,  while  one  spe<'ies  seemed  to  be  conspecitic 
and  two  congeneric  with  forms  found  in  bnickish-water  ImmIs  on 
[)]yoA'  Missouri  containing  veitebnitc  remains  most  nearly  allied 
w»s  hitherto  deemed  characteristic  of  the  Ci'etjiceous. 

enth.  That  one  species  of  Anomia  found  in  it  is  very  similar  to 
•erhaps  identical  with  a  Texas  C^retae^eous  shell,  while*  a  VlrijHint^s, 
I  in  one  of  the  upper  benls,  is  alme)st  certainly  ielentie^il  with 
\  trf>eh!forin!M  of  the  fre»sh-wateM'  Lio^nite  f<)rinatie)ns  of  the 
r  Missouri,  a  fe)nnatie)n  whie-li  has  alwavs  l)ee*n  e^onside'renl  as 
iii-y. 
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He  stimiiied  up  his  evidencp  a-*  follow:*:  it  tliuu  twcuiiies  niHnifi'.-l 
thftt  thf  pHli'oiitologiual  pvidenci'  lieHritig  on  the  i|UONti()ii  of  tlica^ 
of  this  furiiiHtiiMi,  «o  far  hs  y«t  kiiuwii.  w  of  a  vfty  I'onllkrtinjj  miliire; 
though  iwide  rroiii  thr  Dinomtir  Imiieii  (found  by  biiii  ut  lilaok  Butte 
in  l8Ta)  the  oi^nic  renuiinn  fHVor  th«  (.conclusion  that  it  is  Tertiarj'. 
The  testimony  of  tlie  plants,  however,  on  this  point,  aithoufjh  tlwy 
doot'tU'HM  reprcwnt  what  would  In-  in  Kurop«>  considerpd  ai  cJmHv* 
'IVrtiai-y  flora,  in  weakened  by  the  fact  that  we  already  know  tlwl 
theiv  i«  in  Nebni*ika.  in  elearly  Civlftceons  rocks,  a  flora  thai  khh 
referred  by  the  higbettt  European  authority  to  the  Miwene, 

In  tb»«  rt'port  for  lH7a  (pritited  in  1M74)  Lestpiereux  ivturned  (mce 
nioi-e  to  the  Hulijert  and  answeivd  more  or  lem  HatiMftM-torily  varioiL" 
objections  whieb  bad  been  made  to  his  previous  cont-hisioni?.  ile 
re-feri-ed  to  the  Eorene  (Lower  American  tx>cene)  all  the  eoal  strain 
of  the  Katun  Mountains;  those  of  th«  Canyon  City  eoal  liasin;  those  of 
Colorado  Springs;  those  of  the  whole  Iwuiin  of  eentral  and  north  Col- 
orado extending  from  Platte  Hiver  or  from  the  Pinery  divide  to  south 
of  Cheyenne,  ini-hidin);  Golden,  Mai-Hhall.  Bowlder  Valley,  Sainl 
Creek,  etc.;  and  in  Wyoming,  the  lllark  Bnttv.  Ilallville,  and  K*ick 
Spring  coal.  He  considered  as  Anierimn  I'pper  Koeene  or  Lown 
Miooene  the  coal  strata  of  Evansion,  and  from  identity  of  the  chantf- 
t«rs  of  the  flora,  those  G  miled  above  Spring  Canyon  near  Fort  Klli«. 
those  of  the  lowility  marked  near  Yellowstone  Ijuke  amoii^  lia>Hllif 
rocks,  and  those  of  Troublesome  Creek,  Mount  Brotsse,  and  Elk  Creek, 
Colorado.  The  coal  from  Bellingham  Bay,  in  Wasbington,  he  weulJ 
also  refer  to  the  same  horizon.  To  the  Middle  Miocene  he  would 
refer  the  coal  haw  in  of  Carbon  and  those  of  Medicine  Bow.  Point  nf 
Rocks,  and  Koek  Creek;  to  the  Upper  Miocene,  Ihe  conl  of  KIb 
Station,  Nevada. 

Concerning  the  evidene«  of  invertehi-ates  I'egarding  the  Crflfatiwus 
age  of  these  hed«,  be  simply  remarks: 

I  rcgunlud  nml  still  rcgunl  the  pre«ence  of  Mimr  watlemi  fmgmi^iita  tif  Crebui!<^ 
fhfllit  av  «S  liltif  iiiomeiit  iii  ciijii|)ariBoii  with  tliewetl-iiisrbnl  chaructfreof  Uieflon. 
I'lianuifers  whic^ll  have  Ix-en  wholly  i-Rtablii^heil  by  a  larjtp  nnmtor  irf  sipwiiwi' 
nhtttined  frnm  all  tht:  lomlitim  reterreil  In  the  I.^nltic. 

Cope,  in  his  report  for  this  same  year,  wa.s  inclined  to  agree  wilh 
Hayden  in  thinking  that  the  period  of  the  deposition  of  the  sedimenl--' 
of  this  Lignite  or  Fort  Union  group,  as  it  was  also  called,  wan  one  "( 
tranmtion  from  marine  to  lacustrine  conditions  and  added: 

Itujipeara  imposBible,  tlieretorv.  In  draw  tlie  Imp  aatisfai'torilf  without Uie Kill"' 
l«leoiiUilogy,  liiit  here,  white  evidem-e  nl  inti^rniptluii  lt>  dear  [rem  the  relallnnr  i^I 
Hid  platitu  anil  vertebrate  Aiiiiiinis,  ii  ih  nnt  111011111111  in  the  two  latiea,  hut  iliarivtBUit. 

He  then  went  on  to  discuss  the  evidence  as  given  by  the  variim* 
workers,  and  referring  to  Lesqiiervux  and  Newberry's  opinions,  ha»^J 
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upon  the  flora,  to  the  effect  that  the  whole  series  of  forniations  is  of 
Tertiary  ag^,  .summed  up  his  results  as  follows: 

I  regard  the  evidenw  derivwl  from  i\w  luolluHkH  in  tlu»  lower  l)e<lH  and  the  verte- 
brates ill  the  higlieras  equally  conclusive  that  the  be<ls  are  of  Cretaceoun  age.  There 
is,  then,  no  alternative  but  to  accept  the  results  that  a  Tertiary  flora  was  contempo- 
raneous with  a  Cretaceous  fauna,  establishing  an  uninterrupte<l  succession  of  life 
a<Tns8  what  is  generally  regarded  as  one  of  the  greatest  breaks  in  geological  time. 

Pnwtumlly  the  same  conclusion  was  independently  arrived  at  by 
King  in  his  study  of  the  Green  Riv^r  coal  basin  in  connection  with  the 
sui-veys  of  the  fortieth  pamllel.^'     He  wrote: 

We  have,  then,  here  the  uppermost  members  of  the  Cretaceous  series  laid  down  in 
the  period  of  oceanic  sway  and  (juite  freely  chargeil  with  fossil  relics  of  marine  life; 
then  an  uninterrupted  passage  of  comformable  l)eds  through  the  brackish  period  up 
until  the  whole  Green  River  basin  became  a  single  sheet  of  fresh  water. 

It  will  be  seen  then  that  the  transitional  character  of  the  beds  was 
very  generally  recognized,  the  main  point  in  dispute  from  now  on  being 
that  of  their  Upper  Cretaceous  oi*  Lower  Tertiary  age. 

A.  R.  Marvine,  in  his  report  for  this  year  (1H78),  also  discussed  the 
problem,  but  somewhat  guardedl>%  since  his  opportunities  for  obser- 
vation had  confessedlv  l^en  somewhat  limited.  He  wrote,  after 
summarizing  the  opinions  of  others: 

It  must  be  su[)poseil,  then,  that  either  a  Cretaceous  fauna  extende<l  forwanl  into 
the  Eocene  i)erio<l  and  existed  contemiioraneously  with  an  Koi*ene  flora,  <ir  else 
that  a  flora  wonderfully  jirophetic  of  Eocene  times  anticipated  its  age  and  HourishtHl 
in  the  Cretaceous  j)erio<l  to  the  excrlusion  of  all  Cretaceous  plant  formn. 

Again,  and  nmch  more  to  the  point,  he  wrote: 

Much  of  the  confusion  and  discrei>an('y  has,  in  my  opinion,  arisen  from  regarding 
different  horizons  as  one  and  the  same  thing.  It  must  l)e  distinctly  understtHKl  tliat 
this  group  as  it  exists  ea^t  of  the  mountains  in  (k>Iora<lo  is  very  <lifferent  from,  an<l 
must  not  Ik*  confounde<l  with,  the  horizon  in  which  much  of  tlie  Utah  and  \ew 
Mexican  lignite  oc<*urs,  and  which  belongs  undoul>t(Hlly  to  the  Lower  Cretaceous: 
and,  furthei',  that  the  extended  explorations  of  IIay4len  and  otiiers  would  s(*em  to 
prove  almost  conclusively  that  the  Colonido  lignite  group  is  the  dire(*t  southern 
Htratigraphical  eijuivalent  of  the  Fort  Unicm  group  of  the  upper  Missouri,  wliich  is 
crmsidered  generally  to  )h}  no  older  than  the  h>)cene,  while  NewlK'rry  asserts  that  it 
is  MicM'ene. 

To  I^^squereux's  conclusions  in  the  repoil  for  1«S72,  Newberry,  in 
an  article  in  the  American  »Journal  of  Science,  1874,  t-ook  exception, 
calling  in  (juestion  the  accuracy  of  many  of  his  sttttement>*,  and  affirm- 
ing that,  to  his  ''certain  knowledge,'"  a  considerable  portion  of  the 
flora  he  called  Eocene  was  really  C-retaceous  and  another  portion 
Miocene.  Further  than  that,  having  sjXMit  nearly  two  years  in  New 
Mexican  explorations,  he  felt  authorized  to  state  that  all  the  lignite 
l)eds  vet  known  in  New  Mexico  wcmc  uimiistakablv  of  Cretnceous  age. 
While,  through  lack  of  acijuaintance  with  the  Colorado  localities  cited 
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by  L«M|uereux,  he  would  not  venture  to  doubt  the  truth  of  his  neeer- 
tiom  regarding  the  sauie,  he  neverthel^w  reoduded  him  that:  (I)  The 
iora  of  the  Colorado  li|niite  beds  had  almort  nothinif  in  oonunon  with 
that  of  the  European  Booene,  in  his  judgment  not  a  idi^i^  species  and 
scarcely  any  genera  being  common  to  both;  (3)  that  the  toberenlatod 
fneoid  (Halymenites),  considered  by  Lesquereux:  as  diagnostic  of  the 
Eocene^  was  really  in  New  Mexico  the  most  ^anelMislic  fossil  of  tlie 
Cretsoeous;  and  (3)  that,  gtdded  by  their  animal  rraiains,  Professofs 
Marshy  Meek,  Cope,  and  Stevenscm  had  all  regarded  the  Colorado 
lignites  ss  Upper  Cretaceous.  ~ 

Newberry  further  contended  that  in  the  plant  beds  which  he  had 
himself  designated  as  Miocene  the  entire  aspect  of  the  flora  was  iden- 
tical with  the  Miocene  of  Europe,  and  contained  a  very  oonsideraMe> 
number  of  well-marked  Miocene  species,  not  one  of  which  deserved  to 
be  called  Eocene.  The  lignite  plant  beds  of  New  Mexico,  whidi  he 
called  Cretaceous  but  which  Lesquereux  referred  to  the  Tertiary, 
were  for  the  most  part  derived  from  the  lower  portions  of  our  Crete- 
oeous  series,  and  were  overlaid  by  many  hundreds  of  feet  of  unques- 
tionable Cretaceous  strata  in  which  all  the  typical  Cretaceous  forms 
were  represented. 

He  f  urtiber  announced  the  principle  that: 

In  the  abeence  of  any  distinctive  or  anmistakably  Eocene  plants,  if  the  strata 

which  contain  them  (the  lignite  deposits)  shall  l)e  found  to  include  vertebratep  or 
molnskH  which  have  a  deci<leilly  Mesozoie  asi)ect,  we  shall  have  to  include  them  in 
the  Cretaceous  Hvstem. 

To  Le.s(|urn»ux\s  chiiiii  that  the  testimony  of  his  250  speciasof  fossil 
plants  far  outweigh  that  of  the  Cretaceous  niollusks,  he  rejoined  that 
tliese  plants  were  probably  all  distinct  from  European  Cretaceous  and 
Eocene  sjx^cies  and  had  little  or  no  l>earin^  on  the  question  in  band. 
He  acknowledged  it  was  not  impossible  that  the  physical  condition  of 
the  continent  may  have  l)een  such  that  the  Cretaceous  age  faded  grad- 
ually into  the  Tertiary,  and  that  consequently  some  foims  of  Ci'eta- 
c-eous  life  might  be  found  interlocking  with  those  of  Tertiary  age,  but 
of  this  he  demanded  proof,  and  asserted  that  as  3'et  none  such  had 
been  found. 

J.  J.  Stevenson,  meeting  with  these  same  l)eds  in  his  work  in  con- 
nection with  the  Wheeh^r  Survey  (1874),  pronounced  in  favor  of  their 
rpiM»r  ('retnc(»ous  age.  As  for  the  nodose  fucoid  Halyraenites,  ho 
agr(»ed  with  N(»wberrv  that  it  was  not  indicative  of  their  Eocene  age, 
since  it  was  never  found  with  anv  but  a  Creta<*eous  fauna.  Neither 
was  the  (»vi(lcuc(»  of  the  land  j)lants  acceptalde  to  him,  the  materiaU 
iMMug  mostly  single  leaves  and  in  a  state  of  preservation  showing  that 
they  had  been  blown  from  trees  growing  near  streams  or  on  the  shore, 
where  tliev  were  washed  into  the  sea  and  becauie  associated  with  at 


AMERICAN    (4KOLOOY — THK    LARAMIK    QriESTION.  (>5y 

least  one  fossil  identified  with  the  Cn»tareous,  and  a  few  of  which  were 
identical  with  EuroiK^an  speeies. 

It  was  more  reasonable,  he  thought,  to  suppose  that  in  tho  later 
portion  of  the  Creta<?eous  ])erio<l  the  (tliniate  in  our  northwestern 
re^jion  was  like  that  of  the  Euro|)ean  Eocene  than  to  imagine  that  our 
(Vetaeeous  fauna  is  useless  for  determination  of  horizon  in  the  narrow 
.strip  east  of  the  mountains  in  (Colorado,  while  ackno\yled^in^  it  to  b(^ 
decisively  of  Cretaceous  age  in  New  Mexico,  the  rocks  being  the  same, 
but  the  leaves  l)eing  aksent. 

To  Newberry's  criticisms  Les<|uereux  replied''  that  the  Cretaceous 
age  of  the  so-called  halynienites  sjindstone  had  not  yet  been  proven 
and  could  not  l>e  decided  on  mere  affirmation;  but  that  when  Doctor 
Newberry  had  furnished  sufficient  proof  or  (»vidence  on  the  geologinil 
age  of  the  lignites  of  New  Mexico  he  was  prepared  to  accej)t  his  deci 
sion.  The  (| noted  opinions  of  Marsh,  Cope,  and  Stevenson  he  claimed 
were  based  on  insufficient  evidence.  All  the  repeat(Kl  asscMtions  of 
the  finding  of  fossil  shells  and  bones  of  C'retaceous  age  in  the  lignites 
of  Colorado,  when  careful! v  sift(»d  down,  reduced  themselves  to  the 
finding  of  a  single  badly-preserved  specimen  of  fnonnnnu^. 

He  asserted  that  the  lignitic  formation,  having  positively  a  pre- 
|X)nderance  of  land  plants  over  marine  animals,  in  other  words,  lieing 
composed  wholly  of  detritus  from  the  land  or  a  land /(fviunt Ion ^  as  he 
styled  it,  the  evidence  presented  by  the  fossil  plants  should  outweigh 
in  importance  that  of  some  Cretaceous  animal  remains,  whose  |)res<»nce 
could  be  considered  Jis  of  cjisual  occuri-ence.  C\)pe's  conclusions,  lies 
argued,  did  not  in  the  least  interfere  with  his  own,  simply  proving  the 
noncoincidence  of  animal  and  vegetable  types  in  certain  formations, 
but  if,  he  added: 

Tertiar}'  and  ( 'retat'eoiin  faunas  art*  re^r<le<l  a^ii  <'()nt4>inp<)raneous.  even  inliabitinjr 
the  same  repopitorien,  we  may  mon*  eit^ily  admit  that  a  Cretaceous  fauna  and  Ter- 
tiary flora  have  sometimes  sur('ee<ltHl  eacli  other  in  alternating  strata. 

Lesquereux  further  contended  that  the  specimens  on  which  Doctor 
Newberry  had  relied  to  substantiate*  thi»  sum  of  the  opinions  he 
advanced  had  become  mixed  and  had,  in  realitv,  come  from  different 
localities  and  represented  different  horizons. 

In  his  report  for  1ST4  (letter  of  transmittal  written  in  ()cto))er, 
1H75)  Hayden  took  up  the  matter  once  more,  with  particular  reference 
to  the  results  of  inv(»stigations  in  Colorado.  These  he  felt  warranted 
him  in  drawing  the  following  conclusions: 

First.  That  through  the  upper  portion  of  th(»  Fox  Hill  group  (Cre- 
taceous) there  arc*  clear  proofs  of  a  radical  physical  change,  usually 
with  no  break  in  the  setjuence  of  tinu*.     In  this  portion  of  tii(»  group 

''Anierirnn  .htunial  of  Scien<<',  IS71. 


BKI'iiKT   "»•    .VAT1M>A1-    ! 
mn  wr-n-mmikM  CrrtBcnM^  fuMiU  of  purvlr  imrfnr  tjrpc* 

Sm-imd.  TImI  alH<rc  ihr  Kiiv  Hill  trruup  IImtf  nn-  almiit  :!U(> 
l«rrf  n  Imrtik,  wbit-li  iui|tlu  !«« tvjpirdni  a^  hni*  uf  immdi^  tn  tiv  I^ 
(fruuiiaixl  whjp)i  nioiT  |tn>)>i'rly  IitIod^  witli  th<'  Fox  Hill  ^roiipl 
In  thi-  ^nttip  of  iniii»iiJon  l>Mi>  hII  Im-r  of  il;o  ahumlatil  inv 
lifp  uf  (hi-  jfrt-at  I 'rvbmtiiiH  iNTrivK  lirkfir  lus  dt«p|Kiin-d. 

Tbirrl,  in  nlnimi  nil  t-MMi*  lie  fouiHl.  m  thn  )»>f*  of  ihf  trtM*  Lij^itiL- 
Ifroup.  Ji  Im-'I  of  •taniU'tiMip  in  whtt-h  the  6rA  <IpcirliHHi»  Ivhvi^^  pcc-uluif 
In  thr  )!rfnt]t  oii-ur.  No  pun.'ly  inttriiio  in(illii.->k.-<  p»^s  Mhuvi'  thi^  bnri- 
xun,  Kfttiitirv  ur  linu-kiHli-n-ater  mbcIL''  ur«  found  in  tiiany  lottiliti«»  in 
Kn«t  ■litiiKUitif,  hut  lhfu>.  4Min  flixnpiimr  aii^  iirc  miixv^mIoiI  farther 
north  hr  Uf^H-  of  {nirfly  frctth-vrutcr  oritnii.     Ho  added: 

WhatiTi-r  vii-w  wi-  iimv  tatf  in  n-sMnl  lo  llie  «4fi'  "'  liw  Lijpulic  (rroop,  wr  mKf 
narUinlv  i-Uiiu  ituu  ii  Uimm  ••iht  ..(  u»-  limi-  I<uiiiii1iui<*  lu  Ihn  ^rl-^HtiU  hwMir  ol 
imr  ttHMtuni  ixiiitliHTnt.  I(  amy  nuUter  little  whvtlivr  «■•  iiill  It  L'p|xrr  CrvUcnnBi  ••r 
Ijumt'r  Kiunu-,  hi  far  a*  tW  php4i>l  mnlt  is  niRii-nwid.  We  know  that  JI  pbyB  nn 
liU[Hfftiuit  Hiul,  tii  H  itTtnlit  extvul,  Hti  inilt*)ieii<i«iit  («n.  !»  Ute  pliyaiail  liuilorv  •■! 
tlin  icrciwlh  I'f  tile  iwutitn'ut,  Kvi'ti  tltt-  viTtebratc  [i«Iei>iitolnftiitti',  who  immouniT 
with  if»^  {■nllivt^nun  tliv  C'rvUt^viiii'  siKv  of  the  Ij^^ili:-  ptni\i.  An  not  t-laint  that  ■ 
•ingli*  )i|wi.-i<.ii  of  viiflelirato  animiUii  {iNHiiwKbovi>  the  horizoD  I  liavedrlinnl  frum  ttiv 
Wfll'nitir)ii'<l  OriTtwi'DiiH  i;r(iiit>  tM*lnw. 

Fcjtic,  iti  hi-t  rc(ii>rt  fur  tliul  y«-nr.  tlin-w  ;i  niy  of  light  uim.h  rh.-  i.iil.- 
ject  by  Huggesting  that  the  reason  of  the  difference  of  opinion  as  to  the 
age  of  the  dinputcd  beds  might  In?  the  existence  of  two  setu  of  lignite- 
hearing  iH'dK  cloNi!  together,  one  belonging  to  the  horizon  of  the  Fox 
llill  \Kt\»  of  the  CivtaceoiiH,  or  possibly  u  little  above  it,  and  the  other 
lielonging  to  the  horizon  of  the  Fort  Union  group  (Lower  F>>cenc). 
He  int^dentiilly  (mlliKi  up  the  question  i-elative  to  the  value  of  different 
types  of  fossilis  as  criteria  in  determining  the  precise  geological  horizon. 

He  summed  up  his  own  <-onclusions  as  follows: 

Kirnt.  Till'  liKniU5-l>ean'iij(  lieilN  east  uf  the  niountainn  in  Colorado  are  the  equiva- 
lent ri[  tlie  Krirt  I'liioii  gn)U|i  of  the  upper  Missouri,  and  are  Eocene-Tertiary;  al«i, 
that  th(>  lower  jiart  of  the  nTiia\>,  at  least  at  the  luislity  two  hundred  milw  eairtot  the 
iiioinibiiiiH,  ix  Hie  eipiivalent  of  a  part  of  the  Li);nitii'  strata  of  Wyoming. 

S(Hiin<l.  TIk-  Judith  River  Ih-<1h  have  their  ei]uivalent  along  the  eatitern  edgeuf 
Die  iiiniintHiiih<  Itelow  the  l.iiciiite  or  Fort  L'liion  group,  »nd  nlso  in  Wyoming,  and 
Hro  ('retan'oii!'.  i<llhi>U)ih  <if  a  higher  horiiion  than  Hie  coal-bearing  fltratu  nf  Coalville 
mid  IWar  Kiver.  I'tah.  They  fonii  either  the  upjxfr  part  of  the  Fox  Hill  group  or 
a  gn)iip  iwlliil  '■  Niiinl)er  Sin." 

Ill  his  minuiil  reiKMt  Ui  Hayden  for  the  same  year  (1S74,  printed  in 
lf*7ri),  Ij(<si]iiei'(nt\  wpnt  over  idl  the  ground  once  more,  showing  to  liis 
own  sHtisfactioii,  picsumiibly,  the  conclusive  character  of  the  evidence 
otfered  liy  fosnil  plant  n'liiaiii.s,  mid  announced  agniit  hii^  conviction  to 
the  elf(i-t  that  the  authority  of  animal  roiniiins  should  be  unquestioiwd 
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80  far  as  it  relates  to  marine  formations,  hut  when  land  formations  are 
wiisidered,  the  plant  remains  should  he  ^iven  precedence/' 

Meanwhile,  Dr.  C.  A.  White,  paleontologist,  hecame  connected  with 
the  Hay  den  survey,  l)ein^  assijrnod  for  his  tirst  season's  work  (1877) 
to  the  area  of  northwestern  Colorado.  In  this  connection  he  came 
quickly  in  contact  with  the  problem  we  have  lieen  discussing,  and 
early  committed  himself  in  favor  of  the  post-Cretaceous  age  of  the 
lieds  ill  (jue^stion. 

He  argued  that  it  was  a  well-known  fjict  that  the  evolutional  advance 
of  the  vegetable  kingdom  had  been  greater  on  this  continent  than  in 
Europe.  Hence,  a  student  of  the  tlom  of  the  American  stmta,  using 
a  series  of  KurojHjan  standards,  would  naturally  refer  those  which  he 
found  to  contain  certain  V(»getable  forms  to  the  Tertiary  period,  while 
the  associated  or  superim]:)osed  remains  of  animal  life  might  all  show 
them  to  l)e  of  Cretaceous  age,  according  to  the  same  series  of  Euro- 
pean standards. 

Taking  into  consideration  the  fact  that  the  physic>al  changes  which 
took  place  in  western  North  America  during  the  Mesozoic  and 
Cenozoic  periods  were  very  gmdual  and  without  any  important  break, 
he  would  ])e  led  to  expect  to  tind  those  animals,  whose  existence  was 
not  necessarily  affected  by  a  (change  from  a  saline  to  a  fresh  condition 
of  the  waters,  to  have  propagated  their  respective  types  beyond  the 
periml  which  those  types  in  their  culmination  distinctly  characterized. 
For  this  reason  he  felt  that  these  perpetuated  types  did  not  necesharily 
prove  the  Cretaceous  age  of  the  strata,  they  being  evidently  the  last 
of  their  kind,  and  beciiuse,  moreover,  all  the  other  known  fossil 
remains  of  the  group  indicated  a  later  period.  He  would,  therefore, 
refer  the  beds,  which  had  now,  according  t-o  an  agreement  i)etween 
King  and  Hayden,  become  known  as  the  LarainU*^  to  a  post-Cretji(;eous 
age. 

Referring  again  to  the  matter  in  his  report  for  1877,  Whiti>,  conceded 
that  Cretaceous  types  (dinosaurs)  of  vertebrate  animals  were  found  in 
the  higher  strata  of  the  Laramie  group  and  did  not  question  the  cor- 
rectness of  referring  the  plant  remains  even  of  the  very  lowest  beds 
to  the  Tertiary;  noting  also  that  the  invertebrate  fossils  were  indeci- 
sive, since  the  species  were  new  to  science  and  could  not  be  safely 
compared  with  those  found  elsewhere.  Without  conunitting  himself, 
he  then  offered  a  suggestion  in  effect  as  follows:  Since  none  of  the 
American  Cretaceous  could  be  considered  as  equivalent  to  the  Lower 
Cretaceous  of  other  parts  of  the  world,  but  must  l)e  considered  as 


« Marsh,  it  may  IxMioteil  iiicidt'iitally,  in  1877,  in  diHonssin^  \\w  i)rol)loni  of  the 
lK>uiiclary  between  the  Oetaceons  and  Tertiary,  annonnced  tliat  in  his  opinion  tho 
evidenee  of  the  nuinenMis  vertebrate  remains  was  decinive  in  favor  of  the  Cretaceous 
view. 
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Vpptir  CretMieoiift,  them  LaRiiuic  nn-kf  nhii-b.  if  CVptncooii^  at  iH. 
were  certnoly  at  the  ver\-  ti^t  ..f  il.c  I'l^wr  <.!n-«afe<tu«.  miwt  n-pro- 
wot  ft  gnat  and  importmn  t  [>(<ri<Nl  wltolly  uiir<>pre>sented  in  imv  iitlier 
part  <tf  the  worid. 

Further,  the  finding  of  cvidt^nt-c  of  an  ubiindftDl  iiiamniaiiuii  lift 
(Tsftiary)  immediately  fdlowin^  tlio  Liiniinie  iK-riod,  which  id  ibwll 
oontained  only  CretaoeooK  x-rrtebrate  ren»ins  (diiinsnui-s).  siitrjresM 
to  him  a  aodden  nsherinir  in  of  th>>  Tertiary  tyi>es  which  could  bj 
aooodnted  for  only  on  the  supposition  that  sii^-h  originnted  vln^uwlMn 
and  were  coatemporaoeoDsty  in  existence  with  the  CretweouH  fontn| 
L  e.,  prior  to  the  close  of  tin-  I^mmie  period.  Their  appwrent  »iiddM 
mppeanoee  could  then  be  lu-counled  for  on  the  itnppotdtion  that  tin 
pfaynoal  barrier  was  removed  by  Mtine  of  the  nuioui)  earth  mena 
connected  with  the  evolation  of  Uie  continent. 

To  these  same  opinions  he  held  in  bis  report  for  1878,  adding  t 
if  the  conclusions  of  all  thi?  Ie«dtiig  iinleontoI<^ii>-t»  regarding 
Bocene-Tertiaryageof  the  Wa.-sHtch,  Green  Kirer,  and  Bridffer  growpe 
he  accepted,  "  then  is  there  additional  endenee  of  the  currot:tnei<«  oj 
the  view  that  the  I^ramie  is  a  transitional  group  between  the  Onta- 
ceouM  and  Tertiary,  partaking  of  the  faonal  characteristics  of  both 
periods." 

Hayden,  in  hia  report  for  this  yeiir  (1878),  ai^ued  that  the  Fort' 
Union  bedi*  of  the  upper  Missouri  Hivir  are  the  einiivalent  of  the 
Lignitii-  foniintioii,  hs  it  exists  along  the  base  of  the  Kocky  Mountains 
in  Colonido.  ttiid  of  tho  llittt't*  Creek  series  west  of  the  mountains: 
also  that  it  was  pi-olwlile  that  the  brackish -water  beds  on  the  Upper 
Missouri  must  he  convlated  with  the  Laramie,  and  that  the  Wasatch 
group,  as  now  defineil.  anil  the  Fort  Union  group  are  identical  a"  a 
whole,  or  in  i»irt,  at  least. 

In  his  re|>ort  on  the  systematic  geology  of  the  Fortieth  Parallel 
Survey  (l«7H).  King  again  attacked  the  advocates  of  the  Eo<-ene  age  of 
these  )M^ds.  1  le  reviewed  the  evidence  and  announced  bis  convictions, 
as  iH'foi'c.  ill  favor  of  their  iH'ing  Cretaceous. 

He  agreed  with  Hayden  in  regarding  the  Laramie  and  underlyint; 
Fox  Hill  as  strictly  conformable,  but  found  a  very  decided  unconfortna- 
bility  iK'tween  the  up)x>nnost  Ijnraniie  containing  tlie  dinosaur  remains 
and  the  ininiediiitely  overlying  rocks  of  the  Vermilion  Creek  group, 
which  carried  mammalian  lenmins.  The  unconformity  here  mentioned 
for  the  fii-st  time  is,  with  the  exception  of  the  suggestion  made  by  Peale. 
pfU'haps  the  most  important  feature  yet  introduced  into  the  discussion, 
and  it  is  prohalile,  as  elsewhere  suggested  by  King,  that  had  Hayden 
seen  this  locality  earlier,  the  <|uestion  as  to  the  exact  position  of  the 
l^iraniie  Ix'ds  might  never  have  arisen. 
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His  conclusionH,  as  summed  up  in  his  recapitulation  of  the  Mesozoic, 
sre  as  follows: 

The  l^ramie,  by  its  own  vertebrate  reinaine,  is  proved  to  l)e  unmistakably  Cre- 
t«i«ou8  and  the  last  de[K)«<it  of  tlmt  age,  and  it  contains  no  exclusively  frenh-water 
life.  Its  plants  resemble  Eumpean  Tertiary,  but  its  Dinosaurs  are  conclusive  of 
Cretaoe<ms  age.'  It  was  the  last  <»f  the  conforma))le  marine  deposits  of  middle 
America.  Its  latest  [)eri(.K]  of  sedimentation  was  immediately  followed  by  an  ener- 
^tir  orographic  disturl>ance,  which  closed  the  Mesozoic  age.  In  that  orographic 
K'tiou  the  inter- American  ocean  was  obliterated  and  the  Cretaceous  locally  thrown 
into  great  and  steep  folds.  The  following  deposits  over  the  Green  River  area  were 
fresh-water  lacustrine  lowest  Eocene  strata,  lain  down  nonconformably  with  the 
Cretaceous,  exc;t»[)t  in  a<ridental  hx^alities. 

In  1885  the  problem  was  taken  up  by  L.  F.  Ward  in  an  exhaustive 
paper  on  the  Flom  of  the  Ijaramie  Group.  This,  although  destruc- 
tive in  its  criticism  nither  than  decisive,  nevertheless  contained  many 
important  suggestions.  After  a  summary  of  opinions  held  by  pre- 
vious workers,  he  wrote: 

Taking  all  these  fa<*ts  into  (>onsideration,  therefore,  I  do  not  hesitate  to  say  that  the 
Laramie  flora  as  closely  resembles  the  Senonian  (Cretaceous)  Hora  as  it  does  either  the 
Eocene  or  the  Mifx'ene  flora,  but  I  would  insist  that  this  does  not  necessarily  prove 
either  the  Cretat^eous  age  of  the  I^aramie  group  or  its  simultaneous  dejMjsit  with  any 
of  the  Upper  Cretaa»ous  ImhIh.  The  laws  of  variation  ami  geographical  distribution 
forbid  us  to  make  any  such  sweeping  <leductions.  With  regard  to  the  first  ix>int,  it 
is  wholly  iumiaterial  whether  we  call  the  I^ramie  Cretaceous  or  Tertiary,  so  long  hh 
we  correctlv  understand  its  reflations  to  the  beds  above  and  Inflow  it.  We  know  that 
the  strata  imme<liately  Iwneath  are  rei'ognized  Upper  Cretaceous,  an<l  we  e(|ually 
know  that  the  strata  al)ove  are  recognized  lx)wer  Tertiary.  Whether  th«^  first  inter- 
mediate deposit  be  known  as  Cretaceous  or  Tertiary  is,  therefore,  merely  a  question 
of  name,  and  its  decision  r>ne  way  or  another  can  not  advance  our  knowUnlge  in  the 
least. 

In  this,  it  will  be  noted,  he  followed  closely  the  opinions  already 
expressed  by  Hayden. 

Other  statements  of  Ward's  in  this  connection  are  worth v  of  consid- 
eration.  He  iK)inted  out  that  there  was  no  probaliility  that  the  condi- 
tions existing  during  the  Laramie  deposition  would  be  ever  exactly 
reproduce  elsewhere,  and  hence  the  chances  were  as  infinity  to  one 
against  the  existence  of  other  beds  that  should  contjiin  an  invertebrate 
fauna  identical  with  that  of  the  Laramie  group.  Further  than  this, 
he  regarded  the  law  laid  down  by  paleontologists  that  th(»  same  (»p<H'hs 
in  geologic  time  produced  the  samc^  living  forms,  as  (juite  contrary  to 
the  now  weH-establish(»d  principles  of  geographical  distribution. 

Amidst  all  this  confusion  and  conflict  of  opinion,  the  fiu't  was  becom- 
ing more  and  more  apparent  that  under  the  term  Laram/'r  hud  })ccn 
included  beds  belonging  to  various  hut  not  widely  separated  horizons. 
King  and  Hayden,  it  will  be  recalled,  had  })elieved  it  to  contain  all  the 
coal  beds  of  the  region  in  which  it  occurs  and  to  be  sharply  circuu)- 
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.xuritH-d  iHith  aiNivi'uiid  IipIoh.  tlin  uuliq  {K»in(  in  dispiitv  )>citig  wliothn 
it  »houl<l  In-  i-eli-jjaU-d  to  tlio  <.'t^'(^M•l■^lli^  or  tho  Ti>rtiai-y.  An  tiiiii'  wcul 
iHi,  liiit  jMrticularly  after  the  urgHiiiiwtiun  "f  the  pivsont  survey,  nwre 
i-arcful  ami  dptailcd  work  Im-whiii-  [xiwtible.  The  Itear  KiverlxKiswere 
nhown  V.y  [)r>.  C.  A.  Whit*  and  T.  \V.  Stanton,  in  IJSHl.  to  IwU-nR  w 
the  niarint"  ('r<>ljU'eou(i:  tbe  upper  puiliuii  in  <_V>Ii>raii(t  mid  Wjomiuif 
w».>-  found  li_v  Ciiws,  Hill:.,  and  Weed  to  t»e  out  of  harmony  willi  tkt 
iR'npatb.  and  wbh  rdegul^td  U>  the  Koct-ne-TfrtiBry;  the  l4irHiitii>  jirupiT 
liwominy  more  und  nmrn  rontrirtcd  «.•*  the  work  of  diffprcntiBlion 
went  on. 

Ill  iS»7  Dfn.  F.  H.  Kriowlton  »iid  T.  W.  Staiiton,  the  one  a  paln> 
hotuniNt  and  the  other  »  {wlronkiiu^iHt.  together  ntaile  n  jterwinitl 
inspc^'tion  of  iniiny  of  the  iniportnnt  hx-Hlitinx,  and,  after  pawing  thr 
evidence  in  review,  i-oncliided  that  the  wi-callod  Ccmtotw  l)ed!-  o( 
Converw!  Comity,  Wyoniintr,  should  ]n-  n-ferred  t«the  ljamiuiegruu|>; 
that  the  coal-liearing  «erios  of  the  I.ai'auiie  I'lains  is  older  Umn  ihe 
"true"  I«niiiiit\  imd.  inHtcad  of  eonformahly  overlying  the  Fox  Hills 
jfroup,  is  itself  overlain  hy  it. 

The  Bitter  Citvk  h,ih1  Bln<5k  Buttes  lK-d»  they  ronsidered  as  belong-  I 
injr  to  the  'Hruo"  I^araiuie,  and  alao  thone  of  Crow  Creek,  Colorado, 
while  those  of  Point  of  Hoelo'.  in  tho  BitterCreek  Wiley,  were  regurdoi 
■A-  (ivIa.i.niH  (Montana).  The  hatie  of  the  {.dimniie  (aftor  a  review  of 
the  opinions  of  Hat^^her,  Hills,  King,  and  Hayden)  thej'  would  plare 
'"  immediately  above  the  highest  marine  Cretaceous  beds  of  the  Rocky 
Mountain  region,"  the  top  heing  marked  by  the  Fort  Union  beds.  \» 
other  words,  the  Fort  Union  beds  are  now  regarded  an  Eocene  and  tbe 
Uiwer-lying  am  Laramie  Cretaceous. 

Iloth  thesft  workers,  it  is  well  to  note,  conformed  to  tbe  generally 
rct-eived  opinion  that  "marine  invertehmtes  (fossils)  arc  more  aceu- 
rate  and  definite  horizon  markei>i  than  either  plants  or  nonniarinc 
invertebrates,  beciiuMc  they  have  a  less  extended  vertical  and  a  broader 
geographic  distribution." 

O.  C.  Marsh,  the  reader  will  perhaps  i-emembei",  had  in  IHWI 
announced  the  genemi  principle  that  all  forms  of  animal  life  are  of 
value  a-s  horizon  markers  "  mainly  aceoi-ding  to  the  perfection  of  their 
organi^tatton  or  /A>ologi(.-Hl  rank."  Following  out  this  principle,  he 
I'egarded  plants  as  unsatisfactory  witnesses,  invertebrates  as  much 
better,  and  lei-tebmtes  as  the  liest  of  all,  aw  offering  " reliable  evidence 
of  climatic  and  other  geological  changes." 


CHAPTER  XI. 

THE  TACONIC  QUESTION. 

**  Now,  wlii)  nliall  arbitrate? 

Ten  men  love  what  I  hate, 
Sliun  what  I  follow,  slight  what  I  receive; 

Ten,  who  in  ears  and  eyes, 
iSIatch  nie;  we  all  surmise, 

They,  this  thing,  and  I,  tliat; 
Whom  shall  my  soul  believe?" 

It  is  presumably  scarcely  necessary  t<>  call  attention  to  the  fact  that 
the  older  rocks  of  the  earth's  crust  are  exposed,  in  a  majority  of  oases, 
only  where  this  crust  has  l)een  disturbed  through  such  folding  and 
faulting  as  is  incidental  to  mountain  making.  As  a  r<Bsult  of  such 
processes  these  older  rocks  are,  in  the  main,  considembly  altered  and 
their  origin  as  well  as  geologic^al  age  at  times  (juite  indeterminable. 

The  attempt  to  fix  the  base  of  the  Paleozoic!  sti-ata  or,  in  other 
words,  to  find  a  line  of  demarkation  and  division  between  the  non- 
fossil- bearing  and  the  most  ancient  members  of  the  overlying  fossilif- 
erous  strata  has,  therefore,  proven  a  matter  of  the  greatest  difficulty 
both  in  America  and  abroad.  In  (xreat  Britain  and  on  the  Continent 
manifestation  of  this  is  found  in  the  voluminous  literature  relating  to 
Sedgwick's  Cambrian  and  Murchison's  Silurian  systems.  In  America 
a  similar  controversy  was  contemporaneously  waged,  which  ha,s  come 
down  to  history  under  the  name  of  the  Taconic  question. 

In  his  report  on  the  second  geological  district  of  New  York,  pub- 
lished in  1842,  Ebenezer  Emmons  gave  his  first  detailed  account  of  the 
Taconic  system.  A  review  of  the  subject  may  well,  therefore,  })egin 
with  this  paper,  though  an  occasional  earlier  reference  may  l^e 
necessary. 

In  his  report  for  1838  Emmons  had  stated  that  the  Potsdam  sand- 
stone was  the  oldest  sedimentary  rock  occurring  in  the  vicinity  of 
Potsdam  (New  York)  and  that  no  rock  intervened  l>etween  it  and  the 
primar}\  In  this  opinion,  to  which  he  ever  afterwards  adhered,  he 
was  quite  correct.  Overlying  the  Potsdam  sandstone  and  always  in 
the  same  order  he  found  the  Calciferous  sandrock,  the  Chazy,  Bird's- 
eye,  and  Trenton  limestones,  the  Utica  and  Hudson  River  slates,  etc. 
An  examination  of  the  countrv  at  the  foot  of  the  Hoosac  Mountains 
in  western  Massachusetts  showed  what  appea/ed  to  him  an  entirely  dif- 
ferent series  resting,  like  the  Potsdam,  directly  upow  tW  ^^y^,,\nvvV\w 
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whi'-b  none  of  ibe  roct-  of  ibe  prtvioiL-  ^erie?.  appeared.     This  *rif* 
waf  dei'cribe'l  in  bb<  o«'n  words  ».-  below,  the  order  of  superpo«itk>n 


IioiiiC  ^l"'«"  i"  III''  >'-''ti<'ii  ivpT<.ihf,.<i  lii-rrwiil,  wlii.^li  rlio  rnidoi 
note  isfriv,'ii  ill  a  ivvcrsiid  [uwitimi.  tlio  lel'i  iK-iiig  citst  and  the  rigt 
M'('«(  (lifr.   KUj; 
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1.  A  coarse  granular  limestone  of  variouH  t»olors  wliich  I  have  denominated  the 
uckbridgf  iimeMoney  taking  ite  name  from  a  well-known  locality,  one  which  has  fur- 
shed  the  different  part«  of  the  Union  a  large  portion  of  the  white  and  clouded 
arbles  which  have  been  so  extennively  employed  for  building  and  other  purposes 

construction. 

2.  Granular  tpmrtz  rock,  generally  fine  grained,  in  firm,  tough,  crystalline  masses 
a  bn)wn  color,  but  sometimes  white,  granular,  and  friable. 

l^.  Slate,  which  for  distinction  1  have  denominated  Maijnesdan  nlaUf  from  its  con- 

ining  magnesia,  a  fact  which  is  distinctly  indicate<l  by  the  soft  feel  {>eculiar  to  nxrks 

hen  this  earth  forms  a  constituent  part. 

4.  Sparry  limestone,  generally  known  as  the  Sparry  limerock. 

o.  A  slate,  whitth  I  have  name<l  Taronic  daie^  and  which  is  found  at  the  western 

bse  of  the  Taconic  range.     It  lies  adja(^ent  to  the  Ix>rrain  or  Hudson  River  shales, 

nie  varieties  of  which  it  resembles.     In  composition  it  contains  more  alumina  and 

*«<  magnesia  than  the  magnesian  slates. 

The  series  occupied  an  area  extending  from  the  Hoo.sac  Mountains 
estward,  passing  over  the  Iloosac  Valley,  Saddle  Mountain,  and  also 
,'er  the  high  lidge  of  gmnular  quartz  known  as  Oak  Hill,  just  north 
•  the  Williamstown  Plain,  the  Taconic  Mountainn  next  west  of  the 
'as.sachuHettH  Iwundary,  and  the  eastern  border  of  New  York  west  of 
lis  boundary  to  the  Hud.son. 

To  this  .series,  which  Emmons  conceived  to  be  older  than  the  Pots- 
im,  he  proposed  in  1H41  to  give  the  name  Tac»onic,  after  the  Taconic 


i.  131.— Section  of  Taconic  Rocks.  A,  Primary  Hchists;  1,  granular  qoartz,  or  brown  and  white 
andstone;  2,  2,  Stockbriii^e  llmesionc;  3,8,  mtiKncHian  nlat^:  4,  Sparry  limestone;  5,  Taconic  slate; 
i.  rooflng  8lat<>;  7,  rou^h  coarse  Hlliceoiia  l)eds:  H,  flinty  slate;  9,  Hudson  River  nhalcK.  (After  K. 
•'mmonn.) 

nge,  elevating  it  to  the  dignity  of  a  system.  His  persistent  advocacy 
'  the  actuality  of  this  system  gave  rise  to  a  controversy  extending 
^er  more  than  half  a  century  and  equaled  by  none  in  the  annals  of 
merican  geology,  not  exceeded  even  by  the  Eozoon  question  noted 
Hewhere.  ITnmoved  by  argument,  to  the  day  of  his  death  Emmons 
Ihered  faithfully  to  his  ''system,"  although  from  the  very  first  he 
)ted  its  most  inherent  weakness-  that  in  no  case  had  the  Potsdam 
ndstone  been  found  resting  upon  any  of  its  members.  That  this 
stem  was  actually  an  older,  lower- lying  series  was  indicated  only  by 
e  fact  that  neither  were  anv  of  its  mem])ers  found  intercalated  with 
e  overlying  series,  which  always  occupied  the  position  and  relation- 
tip  given  above. 

It  must  be  remarked,  l)v  way  of  preliminary  explanation,  however, 
at  the  region,  as  .shown  by  subsecjuent  studies,  is  one  where  fault- 
g,  folding,  erosion,  and  metamorphism  have  prevailed  to  an  extent 
len  undreamed  of,  and  wh(»re,  as  a  consequence,  all  natural  criteria 
id  become  so  obscun^d  as  to  make  a  prompt  solution  of  the  problem 
ipossible.     The  srwnvo  of  t^n'ology  grows  t\\vou^\  c\x\\\v^»XA\'e^-  ^n\- 
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denoe.    TIm  gwtert  minds  and  tlie  amt  afeite  of  ohmn 
boood,  by  the  then  tadKHag  coodilioB  of  ksoirle^e,  to  ■■! 
pleto  observatJODB  and  {talty  dediMtiom. 
Hie  origiiMl  wetioii,  as  noted,  «w  aome  fiftoen  mOn  i 


The  ruc-kH  were  all  pronounced  as  unfosMiliferous  and  dipped  throuii 
out  to  the  eaMtwaiil,  Hieii-  i-elative  ^es  beinj;  judged  wholly  by  «up" 
)Kisitioii,  the  Sto<'kl)ri(lf;p  limestone,  where  it  rested  immediately  up 
the  gneirtH,  l»pinjj  regurdod  hs  t}ii-  olde^^t  of  the  series. 
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The  first  announcement  of  this  c^oncliwion  appears  to  have  been 
ide  at  the  Philadelphia  meeting  of  the  American  Association  of 
.»ologists  and  Naturalists,  held  in  April,  1S41.  Unfortunately 
ither  the  paper  nor  the  discussion  which  followed  was  printed  in 
tail.     It  is  stated  by  Dana,  however,  that  the  matter  was  discussed 

H.  D.  Rogei*s,  Edward  Hitchcock,  William  Mather,  James  Hall, 
d  Lardner  Vanuxem,  all  of  whom  had  worked  in  the  region.  It  is 
ited,  further,  tliat  none  of  the  gentlemen,  with  the  exception  of 
muxem,  favored  the  views  put  forward  by  Eimnons. 
During  the  summer  following  both  Rogers  and  Hall  studied  the  sec- 
m,  as  descril)ed  by  Enmions,  in  the  field,  Rogers  rendering  a  report 
the  American  Philosophical  Society  at  Philadelphia  at  the  meeting 
1842.  In  this  report  Rogers  sustained  the  views  previously  advo- 
bed  by  Hitchcock,  Hall,  Mather,  and  himself,  to  the  eflTect  that  the 
cks  were  Lower  Silurian  (as  the  term  was  then  used)  extending  from 
B  Potsdam  upward,  l)ut  much  flexed  and  disguised  by  partial  meta- 
>rphism.  Hall  for  some  reasons  failed  to  make  a  report  at  the  time, 
Dugh  later  claiming  to  have  written  out  his  notes  very  fully  (see 
H71). 

In  his  paper  in  the  Report  on  the  Geology  of  the  Second  District  of 
»w  York,  in  1842,  where  the  systeuj  is  fii'st  elaborated,  Emmons 
ferred  to  Rogers's  conclusions,  and  seemingly  himself  recognized 
e  possibility  of  the  various  beds  of  limestone  being  but  portions  of 
e  same  bed,  brought  to  the  surface  by  successive  uplift.  He  did 
t,  however,  regard  the  same  as  probable.     The  system  as  a  whole 

thought  to  be  the  equivalent  of  the  Lower  Cambrian  of  Sedgwick, 
p  upper  portion  being  the  lower  part  of  the  Silurian  system. 
Although  the  Proceedings  of  the  American  Association  of  Geolo- 
sts  were  not  given  in  full,  as  already  noted,  the  opinions  of  Mather 
yarding  the  Taconic  hav(»  fortunately  been  handed  down  to  us  in  his 
^port  on  the  Geology  of  the  First  New  York  District,  dated  1848.  In 
is  he  made  use  of  the  term  in  his  descriptions,  but  stated  emphatically 
at  the  ^"Taconic  ro<*ks  are  the  same  in  age  as  those  of  the  Champlain 
rision,  but  modified  by  nietaniorphic  agency  and  the  intrusion  of 
Litonic  rock." 
In  December,  1844,  Ennnons  brought  out  in  pamphlet  form  a  revision 

the  Taconic  svstem,  with  additions  and  an  extension  of  its  limits, 
lis  was  published  without  change  as  a  chapter  in  his  Report  on  the 
rriculture  of  New  York,  under  date  of  184().  The  most  important 
iture  of  this  revision  related  to  the  finding  of  fossil  crustacean 
mains  in  the  Black  slate  of  Bald  Mountiiin,  in  Washington  County, 
nv  York.  These  he  accounted  for  on  the  supposition  that  the  beds, 
stead  of  being  the  lowermost,  as  he  first  supposed,  belonged  in 
ftlity  to  the  top  of  the  series,  and  had  come  into  their  pre.sent  posi- 
)n  through  a  reversion  of  the  strata,  adopting  thus  in  yart  Ro^^fcirsV 
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ideoN  as  tn  flexures  iind  overtliruKt  faults.  The  order  of  sm-ccsmion  of 
(he  strata  would  then  stand  a*  tielow,  thut  givun  in  thp  [wper  of  ISii 
being  introdueisl  for  t-otntinrisoii.  It  will  he  at  once  iiotud,  «s  Uti'r 
charged  I»t  Dana  (188S),  that  "the  tiystem  is  for  the  most  port  turned 
the  other  wide  up." 


Tiutmie  niiMfm,  ItcetalieT.  ISH. 

R.  Blafk  i?kle,  Buld  Mountnin. 

5.  Taeouic  elate. 

4.  Siiairy  limeeMun. 

3.  Magneeiaii  elate. 

2.  SI(K'kbriJtti'  Uinwioiie, 

1.  (irnniilnr  >jiuirt):. 


(i.  8ti>rkbri(3ge  Umeslone. 

)li-  Mtif^iiedan  Hlate  of  Greyloi'k — jiei^ 
hapB  a  repetition  of  No,  3. 
b.  tJrannlir  c|iiartz. 

4.  Linieelune. 

5.  MR^eaiaii  elate  of  Turonir  Mmintcun. 
'i.  SjHirry  limeHtone. 
1.  Tiumnic  Plate. 

'I'he  svsteui  as  heiv  outlined,  Kmiiioni«  argued,  occupied  a  position 
inferior  to  the  t^hainplain  division  of  the  Nrw  York  wvi^tBin.  or  tlie 
lower  division  of  the  Siluriau  system  of  Mr.  Murchiaon. 

The  fuMstIs  found  iu 
the  Black  nlate.  it 
sliould  be  menliuiiMl. 
were  Trilobites- 
Afopi  triliimatutj  » 
form  allied  to    Trlar- 

t'lCi-jihaia  aeaphoWx*, 
and  nnnelid  marking. 
i'hiefly  tJn.se  of  X.-h.- 
ttfM  and  Myruinites.  These  were  described  by  Hall  in  1846,  and  the 
ground  taken  that  the  Atoj>s&nA  Trlarthnut  were  identical  and  rtUt 
ahle  to  the  Hudson  River  group,  the  EUiptoce^Juda  being  referred  ttt 
the  genus  '>/*/;<  w,"  an  Upjier  Cumbrian  form. 

At  the  Boston  meeting  (18-17)  of  the  Association  of  American  Geolo- 
gists and  Naturalists,  Prof.  C  B.  Adams  discussed  the  Taconic  rocb 
of  the  northern  part  of  Addison  C'ounty,  Vermont,  a  locality  judged 
to  be  particularly  favorable  for  study,  since  the  rocks  pass  here  from 
a  highly  to  hut  slightly  metaaiorphosed  and  disturbed  condition.  He 
exhibited  sections  of  Snake  and  Bald  mountains  and  from  I^ake  Cham- 
plain  to  the  Green  Mountains,  and  thought  to  show  that  the  Taconic 
quartz  rock  was  probably  the  metamorphic  equivalent  of  the  red  sand- 
ix>ck  (regarded  by  Adams  as  belonging  to  the  Champlain  division  of 
the  New  York  geologists),  and  that  the  Stockbridge  limestone  was  the 
equivalent  of  the  calcareous  rocks  overlying  the  red  .sandrock,  rather 
than  that  of  the  lower  limestone  of  the  Champlain  division, 

"  Ijat«T,  Oieneltit*  oi  the  bawer  Cambrian. 
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Inasmuch  as  the  value  of  theevidoncc  furnished  hv  the  fossil  reiimins 
had  l>ecome  largely  a  matter  nf  indi\  idnal  upitiion.  a  I'xiiniiiittee,  of 
which  Mr.  S.  S.  HaldeniHn  was  chainiian.  was  ap{>oiiited  at  the  sanio 
meetJDg  of  the  aMSociation  to  investigate.  The  report,  as  given  by  thJH 
GODimittee  in  the  American  Journal  of  .Si'ience  for  li^4S,  was  to  the 
fSfvt  that  so  far  as  could  be  determined  from  the  fragmental  charact«>r 
of  tlie  specimens  submitted,  Atoj>n  and  Trhtrtfirtm  were  not  identical, 
Imt  j1.  trUhtfdtuM  was  "»  fossil  characteristic  of  the  stratum  invcsti- 
gabid  and  named  by  Profe^ssor  Ennuons." 


JolnMuf  the  nlate  puts  thmiiKli  [lie 
hare  naiui.-il  thb  Klliplocephal'i  n-i 
tHiillc  nuirklng.  wlillo  the  rItM  m 
Ai«phiui  lyrftiinuii.  In  Im  piTfwi  fi 
b  !>•  tbe  htail  of  a  Hmall  iiirllvliliiii 


H  irlloti 


^,  probabi^H  ^ 


O  IJC'SU 


ihf  liiu-klrr  H|i|Hiin>ii 
vry  I'lruiiKlr  Uw  hibiv  (lar 

■l|;tUtllCl>1<lHIUl  IHTffl't  111' 

I-  Fl1ip!4v  In  mis  liicnvlcliiii 
»lilfli-nil<^  byniit'.    •'Inn' 


To  this  report  Ilall  naturally  took  exceptitm.  and  in  the  .Touriiiil  for 
ie  same  year  reviewed  the  subject  and  published  tlgures  givinjf  lea- 
ons  for  thinking  that  the  distinctions  noted  ))y  the  committee  were 
ot  '^actual  and  constant,"  but  merely  those  of  individuals,  and  reaf- 
rming  the  statement  that  the  two  forms  were  essentially  identical, 
[all  was  in  turn  replied  to  by  Einnion.'^,  but  nothing  conclusive  wii.s 
rought  forward. 


fittfi 
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Ill  \s4if  tho  iil)i(|iiitoiis  Hunt  pntered  the  ti«>ld.  Hiding,  as  it  ohimit^. 
ivith  t)i(<  Dpinions  of  tlic  opponents  of  tho  sy»teiii.  though  latter  be 
.slilfted  lii»  {rrmiiid.  No  in>w  twU  were,  liowever,  presented,  und  tl»e 
iimtter  is  iiifntionitl  liiTc  only  on  account  of  the  oharacteriHticalk 
emphatic  and  apparently  decisive  manner  in  which  hi«  opinions  were 
expi-ensed.  however  fanciful  may  imve  l>een  their  Iwsis. 

Little  (if  coiirWfiHence  nW  occurred  until  1855,  when  ProfpsRor 
Kmiuons  brought  out  his  volume  on  American  (reology,  in  which  he 
made  his  thii-d  presentation  on  the  subject.  In  this  he  extended  ihe 
system  fi-om  Maine  to  Georgia  and  suWivided  it  into  an  upper  and  . 
lower  jjortion,  the  fossiliferouM  portion  l»ein^<-alled  the  L'pperTsconii;  j 
and  the  nonfossiliferous  the  Lower  Taconic.  The  Sparry  and  Stwt- 1 
bridge  linieston.'.s  were  brought  together  as  one  foniiation.  while  ihe  I 
syiicliiuil  character  of  Mount  Cireylock  was  recognized  and  tigurwi.     J 

Tnetiiiii'  in/Mfiii  in  ISJiH. 

„        .     12.  Black  t'Ufe  of  BaM  Moiintain. 

"Pl^'^'^""'il.  Tronic -lat^. 

I 'A.  Alagnesia  slate. 

'1.  Slurkbriilt.'e  liiiin>t(>ne. 

1.  <:nintilar<)iiartz. 

11.  the  system,  as  stated  liy  Dana  with  reference  to  that 
I  u  \ii\t  mid  lK)ttoiii  of  Cambrian  roi-ks.    The  succession  in  ihi' 
Lowei' Taconic  wasthesaiii'ii- 
in  the  pu)i!icjttioii  of  l!S-U.       ) 

In  is.i4  or  ISji.'i  triloliitcsn- 
lated  to  those  of  liald  Mcun-  I 
tjiin  wen-  found  in  the  Bliivk 
slates  of  West  <;eorgiii.  Vii 
mont,  I'lissing  into  the  hmLil- 
of  Z,ido<-k  Thonipson.  tllP  :i- 
sistaiil  in  rbc  gc<d<)gical  siinvy 
lit'  I  III'  Sbite.  the  sin'ciiin'ti- 
wen-  sent  to  I>r.,f,.SM.r  \U\\. 
'this  belonging  to  t  lie  shulc.  uf 


ll.c   \\wi~ 

■  1  Kiv-r  group,  one  of  liu'  minor  suUlivisioiis  of  tlie  Lowh 

Sibiriiiii  ^ 

■,lciu.  inid.-r  III..  im.iir,of  nl,  ,.,.><  II...,,.,..,.,.!.  n.  ,-.  ,■ „1.>..>. 

iUKl    /',//, 

•■1  l,..h>j. ,/,,,!.  \\iv  hrd-  liciiig  tliiis.  in  his  opinion,  made  i-ijim- 

alciit  1o  1 

c  |{;tia  Mouhluln  shUcs  already  noted.      In  tliis  he  wa-.  ho« 

Tlic  pn 

bb-ni  wa-  not.  however,  conliiicd  lo  .\ni.'rican  soil.     In  ls.">l' 

there  w<i 

■found  in  1  lie  limestone  li.'loiiging  to  the  so-calleiigmyw«(kc 

^■li.-s  lit 

I'oiiit   Levi.  o|>po~iic  Qnelwe.il  trilobite  fauna  of  a  iiutiiir 

>ulli'-ieiit 

o  ,-om  erl  III.-  piil.'..iit..!ogi-t.  HIkanah  Hillings,  of  tii.-  Ciitm- 

ilhin  siijv 

V.  lo  tb.'  v\e\\sot  V.\>n».w-.-.vu>U--.iu-e  liim  t.>aHirm  that  lln- 
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pmywacke  group  lay  l»elow  thp  Trenton  in  atratiffraphic  position." 
In  this  vii'w  Ixtgun  at  tirst  acquicscRd,  l»nt  appliitl  to  the  l)«ds  »s  thon' 
developed  tho  name  QhJmv  rather  than  Taconic.  siih.4equently  cxtcnd- 

ii^  the  nanie  to  the  whole  hclt  of  Ta<»nic  rocket  reaching  from  the  St. 

Lavreaoe  to  the  Ilud-son  River. 
In  186^1  Barrande,  the  eminent  Bohemian  paleontolt^ist  and  authority 

on  the  Silurian,  reail  Wfore  the  (Jeological  Soi'iety  of  Fnince  a  memoir 

in  which  he  adoptetl  in  fnll  the  conf^luMionH  of  RiumoriH  regarding  the 

Taeonit-    Hvutein,  pronomxting  the  (leorgia,   Vermont,  trilobites  us 

unquestionably  of  I'riniordial  age  and  chara<^terisitic  of  a  great  Taeonic 

gyuteni  extending  far  below  the  Oltfiitm  or  J'aradvxidtfM''  zone. 
Subsequent  discoveries  Neemed  to  show 

tbat   Barrande  was  misled  through   the 

character  of  the  evidence  availa)>le,  he 

himself  not  having  studied  the  question 

in  the  field.     Be  this  as  it  may,  his  ae- 

rewion  to  the  ranks  of  the  "TaeonistJ'" 

for  a    time   greatly   strengthened    their 

caurie,  through  sheer  weiglit  of  authority, 

and  did  much  to  complicate  the  situation, 

while  the  use  made  of  his  writings  and 

personal  letters  by   Marcou  swelled  the 

literature  and  confused  the  question  until 

for  a  time   the   oorrert  solution  .seerued 

hopeless.     And  here  it  may  t>e  remarked 

that,  however  concliLsive  and  convincing 

the  writings  of  Marcou  may  appear,  the  arguments  he  advanced  were 

founded  almost  altogether  upon  the  works  of  others,  or.  in  some  cases. 


"Rnhaequf^nt  inveHtigationx  have  hIki 
fonni)  were  but  blocks  or  fruKincnts  ir 
Xwf  KTiinp.     Billin^'i'  rmiverfiim  wax,  I 

Mr  Drar  Mr.  Mbek; 

•     •    •    The  discovery  of  the  Point 
Hall  niider  tlie  name  <>[  Olenii*  ( frciin  ^ 
fp«lof^.     I  bav«  rei-fivwl  Heveml  li'tti- 
one  receivetl,  two  days  up),  Ji 
xhuwn  him  >iotli   Elall'.'  Hgii 
)i}Mi-iefl,  and  fllsii  mini'  from  I 


!)«■  rocks  are  iiiidoubteiily  the  Tac 

Kmrnuns,  after  slanding  aluic  fur 

leaft  thow!  who  lonsidur  tlieriiFielvc 

all  lie  rif;ht.     His  iinfiirtiinati'  Taccmii-  >iyHtem 

to  exist  regidarly  once  a  yenr  for  the  latit  Iweii 

ita  bead  with  a  new  life.     I  tlniily  lM.'lievi'  that 

may  lie  wnmK  in  soim'  iiiiiior  'iHails,     •    •    * 


rn  tliat  the  munes  in  whii'h  Ihme  f(MHili>  were 
a  cmifloiiieratf,  itwlt  a  tiiemlwr  of  the  tliu- 
owe\'er,  tliomiinh,  im shown  bylhefollowinir: 

MoNTRBAi.,  imh  Nui:.  i/mo. 

I>>vi  fcmilti.  niid  aloci  i>F  tliotf  |mbli!>be<l  )>y 

iTiiionl),  opeiiHotit  a  new  held  in  Aiiierii'Jin 

ml  letters  fniin  Karrande  on  the  xiilijert.     In  the  lH»>t 

wiyx  that  An)felin  was  then  in  I'aris,  and  tlial  be  hud 

11  and  mine.     .Antadin  aurvm  witb   bini  that   Hall's 

.f  the  Priniontinl  lyiie.     The  (.^le- 


'ksof  Kmmona.     It  will  b 
akfaiiixt  the  maji 


<(  the 


ire  sji-it 


■,i  (^loKicti',  cbonlil  after 
riniliilateilaiKlproveilnot 
iid  y«t  it  cintf  more  raises 
u  he  is  riitbl,  although  be 

K.   BlLMNOS. 


6The  Paradoxidea  is  a  trili.hiti'  fciirid  in  Sei\Kwvi'V.'  ^.  \V»\i\\o  Va\\A«Vj.\\,  "\  V.\\*ft.v>\. 
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iipim  n*i  r>t!iii>-  iMisiw  than  jin'juiiiw  in  fnror  of  or  ii^in^t  ccrttiA 
vittualn.     From  tlm  time  of  hin  IVrifif  Knilroacl  survey  work 
did  MCaiwly  ftnythitig  in  tlit>.  (iclfi.  hut  eontpnted  himself  with  Bitfii 
an  critic  upon  the  work  of  others.     For  this  reason  he  was  of  little 
iictiiiil  service   to  AmiTicim  ge«logy  and  his  writings  iind  opinton* 
lire  not  ijuoled  in  detail  hare,  although  unquestionably  many  of  hi*t 
■suggestions  wpto  of  value. 

Iti  IMil  there  was  isnued  the  final  report  on  the  geology  of  Vermont 
liy  Hit<'hco<-k  and  A.  H-  Hager.  On  paleontological  evidence  th* 
Stockliridge  limestone  wan  here  «et  down  aw  not  older  than  Silurian. 
C'riiss  si'ftioMM  allowed  Mount.s  Anthony,  Ef^uinox.  j?'k>lus.  and  othcn 
tohavea.synolinul  struiture,  the  limeistone)>eneathandthe>;lnMNahove 
as  EiiiilKiuH  hml  shown  for  Mount  Grvylock.  The  stratigrHplir  wuk, 
therefore,  in  favor  of  EmmouM's  view,  but  the  jmleont^ik^y  ww 
againxt  it  and  no  d<>etsiuii  wii^  rouched  nn  to  the  age  of  the  (}tiart£tti> 
In  ISfiS,  the  year  of  Emnionn'H  death,  th^re  a]>]M>ared  the  fii-st  t-dition 
of  Danu'i^tittology.  In  tliislho  Pol^daiti  Hnndntone  was  made  to  indu(l« 
the  I'rinionlial  and  the  Hjuivalent  of  thi 
iif  the  l'irr<n!"xl<}fK  and  the  Primordial  Iwl^ 
of  Scandinavia  aud  Bohemia.  The  GeorjtiB 
slatfs  were  also  recognized  as  PrimoniiHl, 
thiH  conforming  to  the  ideas  of  Barrande  anil 
Knuuons. 

In  iMiH  Prof,  J,  B.  Perry,  of  Vermont, 
entered  the  lists  and  argued  in  favor  of  iKc 
systam  lus  presented  by  Emmons.  He  wh» 
subse<|uontly  shown,  through  the  discovery  of 
fonfiilw  and  the  existence  of  numerous  unsii*- 
pected  faults  and  folds,  to  have  been  in  error. 
In  1S70  the  Kev.  A.  Wing,  of  Vermont,  working  with  the  avowed 
intention  of  settling  the  vexed  ijuestion  as  to  the  age  of  the  limestone, 
slates,  and  quartettes  in  the  West  Rutland  region,  found  fossils  in  the 
limestone  which  Billings  identified  as  proliably  belonging  to  theChazV 
ep<K:h  of  the  (.'aiiadian  (Lower  Silurian)  period.  Still  others  were 
f<)und,  sutHcieut  to  show  that  the  beds  range  from  the  (.'alciferoua  to 
and  including  the  Trenton,  and  that  consequently  the  overlying  slat** 
nmst  he  of  I'tica  or  Hudson  Kiver  age.  and  wei"e  not  limited  to  the 
QuelM'c  group,  as  Ijttgan  had  -.upposed. 

In  1.S72  Klkanah  Billings  publi>hed  in  the  Canadian  NHtumlist  an 
article  on  the  ag«^  of  the  black  slate  and  red  sandrock  of  Vermont,  i" 
which  he  took  occasion  to  refer  to  the  Taconic  system  and  annoum'e 
his  views  on  the  sultject.  He  contended  that  in  the  consideration  of 
this  question  '•  nearly  all  of  the  leading  geologists  of  North  Amerii*" 
had  ranged  thenisi-lves  ujMin  the  wrong  side;  that,  while  for  nearly* 
iifliter  of  a  century  Doctor  F.m\wws>.Vw^\ft.\ttvwit.fl.l<wie,  during  the  1** 
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thirteen  yearij  a  (rreat  revolution  of  opinion  liiul  t'oiiie  itlnnit;  and  tlmt 
the  id«i  tlwt  the  rocks  of  tlie  Turonie  system  wan'  r»'nll_v  nbuvc  tlio 
Potadain  uandeitone  (as  had  l>een  contended)  hud  bnon  (>xi)luded.  (Soe 
letter  to  Meek  quoted  abovo.) 

Ad  he  understood  the  niutt«M'  at  the  time  of  writing,  stmia  of  the 
Taconie  rocks  were  certainly  more  ancient  tiiaii  the  l*ots<lani,  while 
otherti  might  be  of  the  wime  ajre,  and  perhaps  .loine  of  them  more 
recent.  The  details,  he  felt,  liad  not  yet  l)eon  worked  out.  and  on 
>e(»unt  of  the  extremely  complicated  wtruetui-e  of  the,  region,  he  ven- 
tured to  say  that  no  man  at  that  time  living  would  ever  M-e  a  jierfect 
map  of  the  Taconie  region.  The  prcM'nt  indications  arc  favorable  to  ■ 
tbiit  view  of  the  subject. 

The  theory  that  the  Tac<ini<-  rocks  iK^long  to  the  Hudson  Biver 
group,  he  went  on  to  say,  was  an  "  enormous  error"  thitt  originate*! 
in  the  geological  survey  of  New  York  and  thence  found  its  way  int^i 
the  Canadian   survey.     The   mistake    was 
douWtleea  due  to  the  extniordinary  armnge- 
ment  of  the  i-ocks,  the  more  ancient  stmtn 
l»eing  elevated  and  often  shoved  o\er  the 
miire   rewnt,  so  that,  without  the  aid   of 
pftleontology,  it   was   impossible  to   assert 
pfwitivcly  that  they  wen'  nut  the  age  of  the 
IIudiKtn  Kiver  fonniitioii,  a^^  they  ap))earcd 
to  be.     The  main  object  of  his  note  was  ac- 
knowledged to  l>e.  to  show  that  while  the 
error  had  originatwl  in   Xcw  York,  il  wns 
corrected  by  the gcolf^icat  survey  of  (.liinadii. 

Thix  article  brought  out  ii  reply  l>y  .1.  iK 
Dana  in  the  American  Journal  of  Sci- 
ence for  June,  ISTa.  in  which  he  called 
Billiiigs'H  attention  Ut  the  fact  that,  while 
with  Billings  about  the  Taconic.  the  dittcri' 
material,  xince  Billings  viewed  the  Taconic  as  develojHvl  by  Knmions 
through  successive  inteipolatioiis  year  after  year,  and  not  as  lii^l 
innoiinced  in  184:^.  IN'  called  liis  attention,  further,  lo  th<'  fact  that 
;he  system  was  based  on  a  section  liftcen  miles  long,  made  across  the 
Taconic  Range,  through  Williamstown  and  ttrcyliMk.  ti)  North  Adams 
HI  the  east  ami  to  Petersburg  or  Berlin  on  the  west:  that  the  dip  was 
triginally  throughout  to  the  eastward:  and  that  the  In-ds  were  desti- 
;utc  of  fosails  and  their  relative  age  judged  by  super|Hisition.  accord- 
ng  to  which  the  Stockbridge  or  North  Adams  liniest<nie--tlie  most 
Astem  rock  in  the  section — would  be  the  most  recent. 

Referring  to  Emmons's  disi-overy  of  a  fossiliferous  black  slate  at 
Bald  Mountain,  New  York,  he  .■stated  that,  aciording  to  Kimiions's 
principle  adopted  in  184:i,  this  slate  l>eing  to  the  weat  ai  tK*^  Tulv-cww , 


l>ana.    ndght  ditl'ei 
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shonld  fee  older  tbwa  the  Taiionic  prup<ir.  and  thereftJi-n  that  his  Tw^unic 
aystun  wm  actiuUy  lWi^^■(■l■  than  the  fwssilifwmiw  rwk.  Thii^  r-vrdviitly 
hem\r  tu  his  (EUiuiKMisV)  mind  iniposMible,  he  waa  thence  led  to  think 
out  )i  way  by  vhicb  rcK^k)^  niit^ht  dip  eastward  and  still  Ix'  newer  to  the 
westward  mid  tiiat,  ''without  u  fact  or  even  an  argument  to  Hustain  it. 
he  aniiounetHlio  fawagrii-ultural  report,  published  in  1k4S,  tJiiNH^Ilic 
Inie  order.  Ho  thus,  by  a  stroke  of  his  pen,  tipped  over  the  Tatoiiii' 
system  ami  got  the  bltick  slate  to  the  top  with  all  other  Tiu^unic  roclu 
beneath  it. " 
Tbici  hluiAi  itlate  interpulution   in   1813,  aceording  t«  Dana,  tiiiis 

*  brought  nuBohief  to  the  Taeoniv  Kysteni  and  to  luiich  ,\iiieriuin 
geologj  and  was  stykd  by  hiiu  *'a  most  desperuto  blunder."  Hil- 
lings's  work  Jie  regarded  it.>j  eliminating  the  black  tdate^  fn>rii  Ibo 
system.     Dana  went  on  to  t^tate  that  the  qiiartzite,  which  in  the  puli- 

.  lumtion  of  1842  ooourrud  toward  the  middle  of  tbe  .section,  wa»,  in  thit 
of  1848,  placed  at  tira  bottom  of  tiie  Taconic  ueries.  Henc?e  in  tbi.4 
"perfected  Taconic"  the  racks  which  Billings  bud  shown  to  lie  nearM 
to  the  pre-Silorian  of  all  the  Taconic  bedt^  were  thuu  placed  at  llii> 
remote  ends  of  the  syatem,  the  black  slate  at  the  top  and  the  quartiiitc 
at  the  botttHD,  the  fortner  being  of  Primordial  age  and  the  only  rod 
series  which  had  yet  proven  to  be  pre-Potodam. 

Dana  acknowledged  that  Emmons  was  deserving  of  honor  for  coin- 
bating  the  old  idea  which  liiul  prevailed  among  geologists  and  |)ate>iii- 
tologiets,  to  the  effect  that  the  Taconic  sinter  belong  to  the  Hudwn 
Kiver  periotl;  yet  he  contended  that  he  "blundered  in  everything 
else,'"  determining  nothing  correctly  as  regarded  the  age  or  order  of 
succession  of  the  roi^ksof  the  sy.stem,  and  "  his  assumptions  after  ItUS 
were  so  great  as  to  order  of  stratification  and  faults,  and  his  way  of 
sweeping  distant  rocks  into  his  system  so  unscientihc,  that  his  oppo- 
nents had  abundant  reasons  for  their  doubts.'^  He  went  on  to  Miv 
that  no  one  knew,  even  at  that  date,  what  the  precise  age  of  the  slat«s 
of  the  TaL^nic  Mountains  might  be,  although  Logan's  view  that  ther 
belong  to  the  Quebec  seemed  nearest  the  truth.  The  only  way,  he 
argued,  for  geologists  to  get  out  of -the  Taconic  perplexity  was  lo  go 
back  to  Emmons's  original  report  and  section  of  1842.  "The  name 
Taconic,"'  he  wrote,  "  belongs  only  to  the  era  represented  by  the  rooks 
of  the  Taconic  Mountain,"  and  nowhere  else. 

In  a  series  of  articles  in  the  American  Journal  of  Science,  b^innint; 
with  December  of  187ii.  I>ana  showed  the  conformability  of  the 
Taconic  slates  and  schists  of  the  Taconic  Mountains  and  the  Stock- 
bridge  limestone  and  quartsiite,  and  on  the  basis  of  the  discoveries  of 
Wing  and  Billings,  pronounced  the  limestone  to  l»e  of  Trenton  and 
Chazy  age  and  the  schistn  and  slates  to  be  of  Hudson  River  age,  in 
this  agreeing  with  Rogers.  He  also  pointed  out  that  the  same  beds  of 
metainorphic  rocks  might  vary  aa  do  \.\\m  uTicatwoVi^ted  represenia- 
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es,  l)ein|f  <|uartzit€  in  one  part  and  mim-scihist  or  even  j^neiss  el«e- 
lere,  and  hence  that  purely  lithologieal  evidence  as  to  the  identity 
beds  was  practi(uilly  worthlejss.  ThiH  in  a  little  amusing  as  coniinj^ 
}m  Dana,  who  himself  aecept^^d  the  presence  of  the  mineral  chondro- 
te  in  the  limestones  of  Berkshire  as  evidence  of  the  Archean  age. 
Ill  1878,  T.  Nelson  Dale  found  })rachiopods  belonging  to  the  Hudson 
ver  group  in  the  Taconic  slates  at  Poughke^psie.  In  this  sanie  year 
.  B.  Dwight  began  work  in  the  '^Simrry  limestone^"  of  Dutchess 
miity,  New  York,  finding  fossils  of  undoubted  l^)wer  Silurian  age." 
lese  finds  and  others  made  hy  S.  W.  Ford  and  I.  P.  Bishop  in 
jai*ent  localities  were  made  use  of  by  Professor  Dana  in  his  subse- 
ent  papers. 

Dana  continued  in  the  Held  at  inti»rvaN  until  1889,  accepting  as  his 
►rkiiig  basis  the  (^hazy  fossils  found  l)y  Doctor  Wing  at  West  Rut- 
id,  and  accompanying  and  working  ccmjointly  with  Wing  throughout 
J  period.  In  1879  he  showed  on  stratigmphic  and  fos^iliferous 
idence  that  the  Taconic  schists,  so  called,  jis  developed  in  Dutchess 
i  adjacent  counties,  W(»re  of  the  age  of  the  Hudson  River  group, 
i  the  five  limestone  belts  there  found,  })ut  five  successive  outcrop- 
igs  of  the  liower  Silurian  liiiK\stone  brought  to  the  surface  ))y  a 
ies  of  flexures.  In  this  h(?  agreed  in  the  main  with  Mather, 
[n  1884,  Hall  for  the  first  time  ])ut  himself  fully  on  record  as  opjKised 
the  Taconic  system  on  stratigraphic  as  well  as  paleontological 
>unds.  In  this  year  he  sent  Dana  copies  of  two  sections  of  the 
oonic  area  and  manuscript  notes  claimed  by  him  to  have  been  made 
or  to  1845,  and  which  gave  the  result  of  his  own  studies.  In  these 
mnts  Anthony  and  K<|uinox  are  shown  to  have  a  synclinal  structure, 
!  limestone  underlying  a  broad  synclinal  of  slates  and  schists,  the 
mer  being  put  down  as  Trenton  and  lower,  while  thc^  slates  and 
lists  were  of  Hudson  River  age.  Prompt  publication  would  have 
en  Hall  priority  over  the  Vermont  survey  and  others,  but  owing 
the  long  delay  the  matter  is  of  only  historical  interest, 
n  Volumes  XXIX  and  XXX  HI  (1885  and  188T)of  the  American  Jour- 
of  Science,  Dana  again  t^ikes  up  the  subject  systematically  under  the 
)tion  of  Taconic  Rocks  and  Stratigraphy,  the  paper  being  accom- 
lied  by  a  map  of  the  region  and  numerous  sections.  He  showed 
,t  the  flexures  throughout  the  Taconic  area  were  of  a  prevailing 
iclinal  habit;  that  the  limestone  was  a  continuous  formation  lying 
ierneath  the  mountains  and  was  overlaid  conformably  by  strata  of 
irtzite  and  quartzitic  and  ordinary  mica  schist,  and  underlaid  along 
J  eastern  border  by  cjuartzite  and  mica  schist  also.  He  further 
)wed  that  within  the  Taconic  region  the  texture  and  mineral  nature 
the  limestone  })eds  varied  g(M)gruphically,  the  crystalline  texture* 
ng  coarser  to  the  southward  and  ejistward.     Hi*  found  no  evidence* 


^^ Dwight  later  found  Cambrian  fcMwUtt  in  l\\es^?  «».\w^  \vm^\^. 


JtKI-niti 
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of  jfeneral  uvortJirunt  fnuttin^  affflittn(f  the  pntirp  rpjfion.     As  to 
Hfjv  iif  Hid  rwks  lit'  irrtmitu'il  winscrviitivp.  but  still  rt'giirdcrt  the  li 
:«lonc  an   l»eyond   linubt   Umer  Silurian,  thoiigli  whether  Ti 
Clhuzy.  ur  CnU-ifrroiis  reiiuiiiKtl  ati  open  iiuMtun. 

In  the  .iDurnal  for  lS8«t  ha  t-efprrod  a^in  to  the  iimtU>r,  ((uentioii 
\ib»  rcUubilitv  of  tlio  litliulo^icRl  i«vi(lviKv  put  forth  hy  l-^mnoiui  mt] 
Ithe  identity  of  hi»  Tainuir  roiks  and  those  of  ri*>dgwiclt"s  C-ambrii 
luserting  that  "  ;r«^;ui(ijri«<4i|  tnvtvitigutioii  with  rtjforenc^  to  the  Oanthi 
had  not  iidvaiicnd  mo  far  oh  t<i  mak«  itH  application  nafc."  Iritht^pa] 
lie  reported  ftlso  t\iv.  tindiii{r  in  Citnaiui.  Now  York,  of  I»wt'i-  Siliiritn 
foHitil^  in  ripari'}-  liniostono,  thiH  iKsing  the  oldest  Htratum  of  theTm-onic 
ay«t«m.  um  unnounced  hy  KnitiionH  in  ISi'i.  Thesi*  fossils  were  sIickI 
mid  Htudied  l)y  Professor  Uwiglit.  of  P»ughke(^psie,  niid  S.  W.  Ford. 
und  idcutitied  an  licloiij^ing  pro)»Lhty  to  the  Trenton  periiwl. 

In  US(i,  V.  T).  VVnl.ott.  then  p«leont*)loyiMt  of  t-he  ['.  S.  (iw.logiral 

Survey,  took  up  the  subject,  giving  a  Mim- 

I  f.  _  niary  of  hi.4  rei«ult.s,  with  map.  iu  thoAmiri 

'         -^^"^^^^  can  Journal  of  Kcient*  of  April  and  iU\\ 

IhKS.     Walcott   l>egan    with   n    nyslenmlii 

wtiuly  of  the  sliitcs,  lime^toneN  and  (|iiHrl^ 

^^  ite«  of  VentiQiit  and  the  adjoining  loimtii- 

l^y^     h^^i      *•<    of  ^^'^  York,  oontinuiug  hU  work  ibc  M 

^     W^fc^^^^B  lowing  season  and  |Miying  purticiiliir  nlli'ii 

tioij  to  ai'eiis  within  the  comitieti  of  Wapliiit).' 

ton  and  Rensselaer.  New  York;  Benoingtuii. 

Vermiint;    and    Berkshin\    Mossachuseit^ 

since  here  wei*e  found  the  series  of  sections 

desorihed   i>y   Einmons  and  nearly  all  IIjp 

tiKiilities  mentioned  liy  him. 

Mr.  Walcott  showed  to  his  own  satisfac- 
tion and  that  of  most  of  tliost:  having  any  detailed  knowledge  ><( 
the  subject  that  (he  >|UiirtKit<'  series  l>elong  to  the  Middle  Chui- 
brian.  the  tulcose  slates  to  the  Upper  Cambrian,  the  limestones  t» 
the  Cah-iferous,"  Chaxy,  and  Trenton,  and  the  islat«.s  and  sandstone 
lo  the  Hudson  Kiver  group.  He  agreed  mainly  with  Emmons  in 
his  lithologi<'ul  descript  ion.s  and  the  general  dip  and  arrangement  of 
the  sti-ata,  bnt  disagreed  with  him  in  his  identification  of  the  geo- 
logical age  of  the  formations  of  the  Lower  Taeonic,  the  Htrali- 
graphic  relations  of  his  Lower  and  Upper  Taconic,  and  also  as  to 
the  value  of  the  stratigraphic  and  paleontologicat  identifications  of 
age.  He  showed  that  the  granular  quartz,  supposed  by  Eninion^ 
to  be  unfossiliferous  and  to  lie  at  the  base  of  his  Taconic  83'8tem,  »*> 
actually  fossiliferons  and  the  equivalent  of  the  greater  portion  of  t]w 

"  The  ."uppiwieil  -MiiHIe  Cambrian  and  ii  i)art  of  the  Caldferoiis  here  described "«* 
awbe^aewtXy  relegateil  to  the  Ujwer  CM>iW\».n. 
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Upper  Taconic;"  also  that  thin  quartzite  was  a  fihore  deposit  formed 
tt  the  Kaino  time  as  were  the  silicu-calcareous  muds  in  deeper  watery, 
utd  which  Emmons  had  included  in  his  Upper  Taconic.  The  Stock- 
bridge  limestone,  which  Emmons  had  regarded  as  a  peculiar  pre- 
Kluriao  deposit,  he  showed  on  paleontological  evidence  to  be  the 
equivalent  of  the  Trenton,  Chaz)-,  and  Calciferous  limestones  of  the 
Lower  Silurian,^  while  the  Talcose  slate  resting  conformably  upon  the 
Stockbridge  limestone  was  found  to  (contain  graptolites  of  Hudson 
Biver  age.  Emmons's  subdivision  of  Upper  Taconic  he  regarded  as 
merely  due  to  a  repetition  of  certain  beds  brought  up  by  an  overthrust 
fault,  us  shown  in  lig.  140. 

Walcott  in  his  summary  of  the  paieontx>logioAl  evidence  relative  to 
Ihe  Taconic,  stated:  (1)  The  trilobites  described  by  Emmons  in  18J4~ 


1 

1 

1 

3 

1 

^:                                                                                 ,1^ 

\  \ 

"•■-..                 ;■  / 
4 

3              ;■' 
-       J- 

^ 

^smaii 

Kio.  [«.— TubulHt  Hew  i>l  T«fuiiic  SlraUi  a»  orrangird  by  E.  Kmmon-.    (Alter  C.  U.  WbIi-cKI,  i 

1847  from  the  black  slate  were  referred  then  to  the  highest  iiieml>cr 
of  the  Taconic  system  on  stratigraphic  evidence:  but  (ii)  in  1S5H 
were,  on  evidence  of  the  same  kind,  referred  to  the  lowest  uicuibor. 
(3)  That  in  1859  they  were  referred  to  a  pre-Potsdam  position  "  by 
comparison  with  a  fauna  whose  position  had  been  sti-atigraphii-all^ 
determined  with  relation  to  the  Silurian  fauna.     Further,  {4)  that  tin 

"These  are  now  accept!.-*)  as  )yai-a\  ]»wcr  Cambrian. 

*But,  later,  Foersleand  Wolff  (oMurl  I»wer  CambriaH  forniH  near  the  )«i«eof  Wivae 
rocks  at  Rutlaml,  Vermont. 
'Sabfleijuent  Atiiiliee  eeem  to  fhuiv  tliat  KmiiionH  was  correct  in  thin. 
''They  are  to-ilay  referred  to  tlie  Lower  Cambrian. 
KAT  HUB  IWH J3 
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AVc/frw  and  other  tniiU  whkh  KramoiiH  i-egai-ded  as  typkwl  fortW 
Taconii-  liiui  nut  yrt  hcen  strati w rap hitiiUy  locfttcd,  vrliik-  (5)  tlie^rap- 
tolitcs  formed  part  of  the  fauna  of  the  Hudson  termne. 

Emniona\  errors,  according  to  Mr.  Walcott,  were  due  almost  whollj 
to  his  trui^t  in  lithotogical  charact^i's;  his  supposed  unuonfomtitj 
between  the  Taconic  and  Chauiplain  syKtoms  was  based  primarily  on 
the  similarity  in  lithologic  charactfirs  of  the  Calciferous  -sand  iwk  of 
the  Lower  Silurian,  and  the  Caloifcrous  sand  rock  of  what  is  now 
known,  froui  its  fossils,  to  ho  a  part  of  his  upper  Tat^'Onic;  also  that 
ho  confused  the  dark  ehalcti  of  the  Lower  Silurian  with  those  of  his 
upper  Taconie  and  faih'd  to  recognize  the  obvious  f:ict  that  the  ChI- 
eiferous  torranes  were  frequently  represented  in  geological  sections  l)y 
a  shale  undi^tinguishable  from  that  of  the  Hudson  River:  and  thutin 
several  places  the  Trenton  limestone  is  replaced  by  ^bale.  Acoordinfr 
to  T.  N.  Dale,  Emmons  was  also  in  error  in  assuming  that  the  siftlex 
along  the  east  foot  of  the  Taconic  range  dipped  to  the  east,  he  haviog 
confused  cleavage  with  bedding. 


in  alBaldHounlflhi  froiD  Lhc  aouth.    Tlit  ptonic  of  llie  muimUin  and  pnilLHoi 
antl  LowtT  SIlQrInn  ruckii  an- IhIepii  In>m  ii  iibolognph.    The  "l'|-pcr  Taconir " 
Carabrtmi  ahtw,  iwiiiliTH'k  uid  linienlouv  Kre  thonn  lo  Ibe  right  of  iLio  teull,  and  r^Chmy  IIP"-     l 
iituiie:  r^diirk  Hlialo,  Inli'ilivddHl  Initwwn  rand  Ihv  CalctfemiwmndrDtk,  E;  «=-d&rk  Brfnllvwu!      | 
iiha]/alieliBa!li  tin:  CjilLileioliamndrofk..    iAttei  C.  D.  (Valct>ll.> 

At  the  eighth  meeting  of  the  American  Committee  of  the  Interna- 
tional Geological  Congress,  which  was  held  in  New  York  in  April, 
1888,  the  subject  of  the  subdivision  and  nomenclature  of  the  Amerii«n 
Paleozoic  formationti  was  discussed,  and  incidentally  the  matter  of 
using  the  name  Taconic,  and  its  limitations,  if  used  at  all,  was  pretty 
thoroughly  gone  over.  A  considerable  diversity  of  opinion  was  found 
to  exist;  although  the  committee  at  first  reported  in  favor  of  retaining 
the  name,  they  were  apparently  subsequently  led  to  change  their  views 
upon  the  presentation  of  new  evidence  by  Mr.  Walcott,  A  brief  sum- 
mary of  some  of  the  views  adopted  is  given  below. 

Dana  objected  to  the  retention  of  the  name,  thinking  it  would  be 
regarded  only  as  ''a  reminder  of  Emmons's  blundering  work — a  suc- 
cession of  unstudied  assumptions  that  brought  only  evil  to  the  science." 
S.  W.  Ford  favored  the  adoption  of  the  name  Taconic  for  the  middle 
portion  of  the  Cambrian,  as  the  term  was  then  used,  or  that  marked  by 
the  presence  of  the  fossil  Ofi-ju-Uiix.  Hall  felt  that  it  might  be  well  to 
retain  the  name  for  those  tocka  lying  below  the  Potsdam,  while  C.  H. 
Hitchcock  considered  the  loviest  Ta>w>i\vii  »a  o\  Xo-wsi^  Vtstsdam  age. 
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Newberry,  on  the  other  hand,  would  retain  the  name  Taconic  as  a 
froup  name  for  one  of  the  minor  subdivisions  of  the  Upper  Cambrian, 
while  Alexander  Wincholl,  from  a  perusal  of  the  literature  only,  would 
retain  the  name  for  those  rocks  underlying  the  Cambrian  and  retain- 
ng  the  primordial  fauna  {Paradoxides).  The  Canadian  geologists, 
3awson  and  Selwyn,  both  regarded  the  term  as  useless  and  unneces- 
ary,  while  H.  S.  Williams  and  Joseph  Le  Conte  recommended  that  it 
)e  dropped  entirely,  owing  to  the  existing  conflict  of  opinion. 

The  committee  recommended  that  all  the  strata  lying  between  the 
Devonian  and  Archean  be  divided  into  three  great  groups,  the  Silu- 
ian,  Cambrian,  and  Taconic,  the  last  named  to  be  subdivided  as  below: 


TACONIC. 


Faonal  (systematic) 
designations. 

Rock  masses  of  New  York  and  New  England.    Strati- 
graphic  designations. 

Sub-Faanas. 

is 

53 

St  Croix. 
Taconic. 

liOwer  portion  of  the  Calciferous  sand  rock  of  New  York. 
The  St.  Croix  beds  (so-called  western  Potsdam)  of  the  Mis- 
sissippi Valley. 

si 

• 

'J 

•* 

The  Georgia  group. 

The  Taconic  black  slate  and  granular  quartz. 

^ 

Acadian. 

Paradoxides  beds  of  Braintree,  Massachusetts,  and  St.  John's 
group  of  New  Brunswick. 

As  above  noted,  this  report  of  the  committee  was  not  adopted,  and 
t  is  probably  due  more  to  the  work  of  Dana  and  Walcott  than  to  all 
others  that  the  term  to-day  finds  no  place  except  historically  in 
American  geology. 

As  to  the  justice  of  this  decision,  there  may  be  some  question,  par- 
icularly  when  one  recalls  the  fact  that  Mr.  Walcott's  own  studies 
iter  showed  the  existence  of  his  Olenellm  (Georgian)  famia  helmo 
ather  than  above  the  Paradox'uUH  (Acadian)  beds. 

When  one  considers  further  the  condition  of  the  science  at  the  time 
Emmons  first  proposed  the  system  and  the  conditions  under  which  ho 
ibored,  without  satisfactor}^  maps,  it  is  obviously  unfair  to  hold  him 
0  as  strict  an  account  as  would  be  justifiable  with  reference  to  the 
iter  workers.  Even  were  it  true,  as  stated,  that  there  is  to-day  '•  7?^> 
ruiwn.  si/ratwn  of  rovk  in  the  Taconic  range''*  that  is  of  the  geological 
ge  assigned  it  by  Doctor  Emmons,"  and  even  though  it  were  also  true 

<>  Emmons's  granular  quartz  and  the  lower  part  of  the  Stockhridge  limentone  are 
xiay  regardec]  sm  older  than  the  Potsdam,  as  a  part  ol  \\i^\io^^t  ^^w^tvwx. 


f>7li  REPORT   OF   NATIONAL    MrSEl'M,   IWH. 

that  "all  his  reasoiid  for  calling  the  Hudnon  terrano  Tutii 
bused  on  errors  of  r*tnitigraphy,  and  it  was  only  a  fortunate  haj 
that  any  portion  of  the  upper  Tat'onie  rocks  occur  where  he  plireil' 
thetti  in  his  stratigraphR-  scheme,"  still  there  would,  to  the  unprejii 
diced,  seem  to  be  abundant  room  for  the  recognition  of  the  nanie.  a  fuel 
whioli  Mr.  \\  aloott  has  himself  recognized  by  the  adoption  of  th(^  Iwr- 
rowed  term  Ordovician.  Moreover,  ruling  out  the  term  on  the  ground 
of  blundering  is  scarcely  just,  since,  aa  Winchell  pertinently  remark.-, 
a  similar  ruling  would  take  from  Columbus  the  credit  of  having  dis- 
covered America,  since  he  blundered  upon  it,  expecting  to  strike  India. 
The  following  tables  illustrate  the  three  principal  stages  of  the 
Taconic  controvei'sy  iip  to  1S*03,  in  the  columns  to  the  left  the  siil)di- 
visions  of  t^mnions  being  given,  and  in  those  to  the  right  the  e<)uiva- 
lents  as  recognized  by  Dana  and  other  authorities. 


TiuxinlooIlSt2. 

H.  »toi'kl.ri.[ge  limestone .... 
a,  Maperian     slate     of 
.              (ireyliwk,  perbaps  a 
^- ,          repettlJon  of  No.  3. 

II.  Lower SilQrian.... 

III.  Hudeonsktee.... 

IL'pper  part  Iy>wer  SiUirwri. 
\LowerpartLowerCftnibrian. 

Lower  Silurian. 

Lower  Cambrian. 
Lower  Cambrian. 
Lower  Silurian. 

tapper  r*"^  Ixmer  Silurian 
lower    part    Lower    Cud 
brian. 

4.  Ud)« 

2.  Spam 

1.  Tawn 

T 

a.   Ha 
"••    >..  T* 

3.  MuKH 

2.  HUM-k 

II.  LowerRUurian.... 

III.  Hudson  elates.... 

11.  I»w"erSilririan 

III    and    I-    Iliidooii 
slat**!  and  Cambrian. 

■ainnBlaleotTaconic 

lltuillK. 

,ri>nk„/m4. 

il   Mountain   black 

onic  dale 

Ill    anrt    I.    Hudson 
Blaleeand  Cambrian. 

II.  LowerSiluriftn.... 

III.  HudsoiislHl««.... 
11.  Lower  Silurian 

Ipper  part  Lower  Silurian 
lower    part    Lower   Cani 
brian. 

bridge  limo«h>ne 

Upper  part  Ixtwer  Silurian 
lower    part    Lower    Oub 

brian. 

T 

atonic  of  1855. 

■1.  Bald    Mountain 
black  slate. 

1.  Tacmic  Blate 

3.  Magnwittii  niate  . 

2.  HtockbridKelimo- 

Htone. 

Tw^nnic. 
Taconic. 

HI    and    I.    Hudson 

slateK  and  Cambrian. 

III.  Hudson  slates.... 

11.  l-owerSilurian.... 

Lower  Silurian. 

Lower  Silurian. 

Upi^er  part.  l,ower  Silurian 

lower   part    Lower   Cam 

brian. 
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Deiflopment  of  Geological  Column. 


Maclure,  1817.    (Wemerian.) 


Eaton,  1920. 


aw  IV.  Alluvial  rocks. 


laiw  III-  Floetz  orj<econdRry  rocks. 


lasR  II.  TraiLsition  rocks . 


Ia.«««  I.  Primitive  rocks 


10. 

9. 
8. 


r>. 


3. 
•2. 


s 


1.  Peat. 

2.  Sand  and  grravel. 

3.  Loam. 
Bog  iron  ore. 
Nagel-lluh. 
Calc  tuff. 

7.  Calc  sinter. 
12.  Newest  floetz  trap 

formation. 
11.  Independent  coal 
formation. 
Floetz  trap  forma- 
tion. 
Cliulk  formation. 
KiM'k  salt  forma- 
tion. 
Thini  fl(H*tz  .sjind- 

stone. 
Second  floetz 
sand>tone. 
f).  Second  floetz  gyp- 
sum. 

4.  Second  or  varie- 
gated sandstone. 

First  or  oldest 
floetz  gypflum. 

First  or  oldest 
floetz  limestone. 

1.  Old     Red    Sand- 

stone or  first 
sandstone  for- 
mation. 

6.  Transition  gyp- 
sum. 

4.  Transition  flinty 
slate. 

3.  (iraywacke. 

2.  Trau-sition  trap. 

1.  Tran.sition    lime- 

stone. 

White  limestone. 

Primltivegypsum. 

IMmitive  liint. 

Quartz  nn-k. 

Topaz  ro4;k. 
9.  Syenite. 
H.  Porphyry. 

Serpentine. 

l*rimitive  trap. 

Primitive  lime- 
stone. 

4.  (Mav  .slate. 

3.  Mica  slate. 

2.  Cineiss. 
1.  Granite. 


V.  Alluvial  classjif;  ^^J.^*"' 


IV.  Superincum- 
bent class 


(16.  Greens  to 
trap. 
15.  Basalt. 


ne 


III.  Secondary 
class. 


14.  Secondary 
sandstone. 

13.  Gypsum. 

12.  Ck>m pact  lime- 
stone. 

11.  Brei'cia. 


II.  Transition 
class. 


10.  Red  sandstone. 
9.  Graywacke. 
8.  Metalliferous 

limestone. 
7.  Argillite. 


ri4. 
13. 
12. 
11. 
10. 


I. 
(>. 
5. 


[6.  Granular 

limestone. 

^.  Talcose  rock. 

I.  Primi  tive 

4.  Mica  slate. 

class. 

3.  Hornblende 

rtKjk. 

2.  (ineLss. 

1.  Granite. 

The  position  of  the  volcanic  pro- 
ductions was  problematical,  but  it 
was  thought  tiiey  might  belong  to 
the  sui>erincuml)ent  class. 
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ciuB  V.  Tmury ' 

I  Clua  IV.  tTpppf 


m  HI.  Lower  i^erDnAuy 


ItUdltaSsiuu 


Otm  n^  Truultian  a 


nl,  riimlliTear  flnnx 


V.  ADiOl 
t.  Y«l0» 


1*  OoUOi 
la,  Ttlr 


..c-a 


•"a 


APPENDIX    a:   OKOLOGICAL   COLfMN. 
Jterelnpnii^t  of  i/fnliiiiiiiil  fiiliijim — ^'ontiiiueil. 


J    AucJS  by'^a 


1.  Moaomgrouw    ^^0^.  V»  VornltSiiidH, 

I     imyeitlne,  el*, 

fTntnswirtecl  bowlden  and 

blucka;  gnivrl   on    hills 

I.  Errailf  blockj    ami     iiIhIob    appHreaUr 

gt-mti.  1    produced    bv    greater 

lOTi'ea  Ihao  thdeu  now  In 

,  a„„rtn,  «,,.  rVarloimdepwllaabove  the 
Ftrl,?!^J  cWk,  siioh  as  the  Crag, 
™«L  n     '«le  of  Wlgtil  beds,  Lon- 

l^"^f-         I    don  plMlic  cUv.  etc. 

jl.  Chalk,    2.  UpptrOreen- 

1  I'...!.  .  ..^..1,1  tanil.  s.  Unnll.  *.  Lowet 
Lt,iii.  1    Oreui 

""'"''■  I.  WealdelsT.   2.  HwUni 


IdelsT.   2 

. 1,    3.  PurL.._ 

rmp.  Ooliltf  and  Lias. 

1.  Varlegaled  or  red 


7.  Oaibonlfemu 


I.  MUKchelkalk. 


'arloua  slalea,  freqiienllj 
mixed  with  ulratlOed 
ciimpDiiiid!!  re*embling 
Uioneodmiitntl  fludrucks. 

^ari  oiia  HrbiflLoiie  nwki 

cryHtolUnn'itiBtllled 

lioundH  lu  K>iet»,  {iroto- 


ni blende  porpby- 


O.  S  1 1  u  r  1 


Hiibaptwnlne  mail, 
EnglLnh  rr»g,  nia^ 
riae     aiid   fradi 

FalunaufLolre.etc. 


Calcaire  drossier. 
etCn  London  olaya, 

jMDds.elc..  martna 

.  Idaentilirht  bedii. 
.  Chalk  wlthmnu. 
.  Chalk   wUhoQt 
aintt. 

.  (laulL ' 

.  Lower     Green- 
Hand. 

.  Wenlil  clsT. 
^  tiaitlDKi  nQdi. 
3.  I^rbe^  beds. 


iridjte 


CDral  raa, 

G.  Corubraih. 
"   ForBHl  marble. 
Ureal  Dullte, 

[9.  Interior  Uollte. 
Lion. 

2.'  MuscheikHlk. 
"   Bunler    iiaiid- 

Munealaii  Urae- 
HtoneandZenh- 

Red    voiig1onii>r- 
Coal  Mnwuri'ii, 


t.  Llandellnflogn. 
Koi'ks    iilder    than 

Ihe   Silurian. 

Kraywieke.eUi. 


REIWBT   or    HATI'tSAL    KPSEUX,  IWt. 


itii£ai. 


U.  WawrUiar  (mnp, 

llmmuultuftc,  I  I  (kMturlYnDUn 

tlcln,  lit  SlM*-    1^,,^  paUo.J   "y"*™' 
(uic  UTirtMn.    I 

It'Arbiiiilttmtui  vft- 


iiuie  rueo-i   oroM RortSui. 

ITpper       RUiirkn 
Older  Palfocolr 


I.  Prlmuyif  HrpHHW"" 


Luwei   CulMiDlliiaP 

Sl&Us  and  Umcduoa 
■if  Doi-otahirv.  wo 
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Derfhpmeni  of  fititfugical  f'fJnmn — CVmtinutMl. 


De  La  Beche.  1K)1. 


Lyell,  ISfw. 


)ic. 


or 


a. 

A.  Upper  Tertiary 

b. 
c, 

B.  MiddleTertiary.  a. 
(MiOwer  Tertiary,  n. 


'A.  Cretaocons 
group. 


c. 


or 


B.  Marine  equiva 
lentil  of    Creta- 
ceotw  group. 


C.  Jurassic  or  (K>- 
litic  group. 


^D.  Trias  grvHip 


/A.  Permian  group 


7   or, 
ic. 


B.  Marine  equiva- 
lents of. 


e. 


a. 

b. 

c. 

n. 

c. 
ft. 

r. 
/. 

ff- 
h. 
i. 
k. 
L 

a. 
b. 
c 

n. 
b. 


a 


Mineral  aocuniu- 
lations  of  the 
prei«ent  time. 

Pleiiitoceoe. 

Pliocene. 

Miocene. 

Eocene. 

Chalk  or  Maes- 
tricht  of  Den- 
mark. 

Ordinary  chalk, 
with  or  without 
flints. 

Mencthaui  beds,  or 
rpper  (ireen- 
.sand. 

Gault. 

Shanklin  sands, 
Neocomian,  or 
l>jwer  Green- 
sand. 

Wealden. 

Hastinss  sands. 

Purbeck  beds. 

Portland  orOolitic 
limestone. 

Portland  Hands. 

Kimmeridgf  clay. 

Coral  rag. 

Oxford  clay. 

Cornbra.«*h. 

Forest  marble. 

Fuller's  earth. 

Inferior  Oolite. 

Uas  ( rpiK.T  and 
Lower). 

Variegated  uiarls. 

Muschelkalk. 

Ked  Sand  s i o  n  e 
(Bunter.etc). 

Zech  stein. 

liothe  todte  lie- 
gende. 

Cojil  Measures. 


Post  Tertiary 


C.    Carboniferous 
limestone  group. 


D.    Devonian 
group. 


E.  Silurian  groui 


\F.  Cambrian 


>  b 


Pliocene 
Miocene 


Eocene 


r  1. 

-11 


('arboniferous  and 
Mountain  lime- 
stone, etc. 
b.  Carbon!  ferous 
slates. 

a.  VurioiLH  modifieu- 

tionsof  Old  Red 
Sandstones, 
rpper. 

b.  Miridle. 

c.  I^ower. 

Various  rocks  subja- 
cent to  the  Silurian 
series  in  Wales  and 
Ireland  and  above 
the  mica  and  chlo- 
rite slates,  etc. 


fCretaceoa** 


S 


u 

O 

C 

c 
c 


Jurassic 


Triassic 


o 

C 

03 


f  Permian 


Recent. 
Post  Pliocene. 
Newer  Pliocene. 
Older  Pliocene. 
Miocene, 
rpper  Eocene. 
Middle  Eocene. 
Lower  Eocene. 


f  9. 
10. 
IL 
12. 
13. 
14. 
1ft. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 

23. 

r24. 

25. 

26. 


Maestricht  beds. 
Upper  white  chalk 
Lower  white  chalk 
Upper  Greensand. 
Gault. 

Lower  Greensand. 
Wealden. 
Purbeck  beds. 
Portland  stone. 
Kimmeridge  clay. 
Coral  rag. 
Oxford  clay. 
Great    or    Bath 

Oolite. 
Inferior  Oolite. 
Lias. 

Upper  Trias. 
Middle  Trias  or 

Muschelkalk. 
Lower  Trias. 


Carbonifer- 
ous  

Devonian 


27. 

28. 
29. 

30. 


••\31 
Silurian j^' 

Cambrian... Il^- 


Permian  or  magne- 
sian  limestone. 

Coal  Measures. 

Carboniferous 
limestone. 

Upper  Devonian. 

Lower  Devonian. 

Upper  Silurian. 

Lower  Silurian. 

Upper  Cambrian. 

Lower  Cambrian. 
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Development  of  GeoltH/ical  Column — Continued. 


Dana,  1875-1879. 


^td  Man.  or  Quaternary •  I 

•  Post-Tertiary \  Pleistocene  or  Po«t-Tertiary 

'  ,  Pliocene. 

Tertiary i  Miocene. 

i  Eocene. 


1 2 


Wealden 


I 


a  !  Oolitic  epoch. 
H 


Liandc  epoch. 


:« 
I 


Permian 

Carboniferous 


SubcArljoii  i  f  croun 


X 

if 


CatJikill... 
Chemung 

Hamilton 


ComiferouH. 


a. 


Oriskany 

Lower  Helderberg. 
Salina 


I 


Niagara 


c 


Trenton 


aa     Canadian 

^  i ._  .  _  _  ..   _    _ 

3     Primordial  or  Cambrian 


:hean. 


Upper  Cretaceous. 
Biiadle  Cretaceous. 
Lower  Cretaceous. 


Wealden. 


Upper  Oolite  .  I^urbeck,  Portland,  and  Kimmeridge  clays. 

llx,wer  oolite  .{fJ3J5?/^„„. 

i Upper  Lias. 
Middle  Lias. 
Lower  Lias. 


Keuper. 

Muschelkalk. 

Buntersandstone. 


15    ,  Permian. 

Uc     Upper  Coal  Measures. 


{ 


146 
14a 

136 
13a 


12 


Lower  Coal  Measures. 
Millstone  grit. 

Upper. 
Lower. 


116  j  Chemung. 

11a  Portage. 

lOc.  Genesee. 

106  Hamilton. 

10a  Marcellus. 

9<r  Corniferoufl. 

06  Schoharie. 

9a  Cauda-galli. 


8 

7 

6 

be 

56 

5a 

4c. 

4b 

4a 

3c 
36 
3a 

26 
2a 


Oriskany. 

Lower  Hclderberg. 

Balina. 

Niagara. 

Clinton. 

Medina. 

Cincinnati. 

Utica. 

Trenton. 

Chazy. 

Quebeir. 

Calcifcrous. 

Pot^wlHm. 
Acadian. 


Archeaii. 
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Dana.  1«86. 

^ 

|E 

Ru'CDt. 

ii 

&.)»"""■ 

Ui.perCnn.cemB 

"""™"~""' 

LaworCnMeeow 

1 

1 

I 

Miadle.orO<ilJt[i:«pi»b 

Lower  LUi. 

1 

Lower,  or  UMdeepwh 

1 

rnnnr 

i 

a 

1 

a 

Pmnlm 

3 

IK 
K 
(S 

S 

::::: 

Itrmlan. 

Upper  Ooal  Measnm. 

Lower  C«dM«aur«. 

Mlllnonenil. 

Upper,  or  Uanrb  Umiik. 

Lowor.orPooono, 

Qibonif 

SnUmrtonU 

L 

S 
j 

s 

Upper  m.voQi.11 

ChcmiinifandCaWkill. 

1 

MIddk-  DeruQinii  or  lUmJlUm . 

(Hamiltiiii, 
tUan«1lDB. 

ij 

Comllerous., 

Orlrtwy 

Orlikany. 

£ 

OnoDdaga 

N'«e«» 

Niapsra. 
Medina! 

i 

If 

ili 

T-"-"" 

Ullea. 
Trenton. 

^"■"i'" 

8S3i™.. 

^"^ 

oSrgdaii. 

HuroDlan. 
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Appendix  B. 

BIOGRAPHICAL  SKETCHES  OF  THE  PRINCIPAL  WORKERS  IN 

AMERICAN  GEOLOGY. 

ZIharlbh  Bakea.     ConcholojD^st  and  geolof^t. 

n  Dorchester,  Mass.,  January  11,  1814;  died  in  St  Thomas,  West  Indies, 
18,  1853.  Graduated  at  Amherst  in  ISMj  and  took  up  study  of  theology  at 
,  leaving  there  to  join  E.  Hitchcock  on  geological  survey  of  New  York.  Pro- 
chemistry  and  natural  history  in  Middlebury  College,  V^ermont,  1838-1847. 
ilogist  of  Vermont,  1845-1848.  In  1847  accepted  professorship  of  zoology 
momy  at  Amherst.  Failing  health  took  him  U)  West  Indies,  where  he  died, 
greatly  in  making  known  the  mollusk-fauna  of  Panama  and  West  Indies. 

r.  Wm.  H.  Dall.    Some  American  Conchologists,  Proc.  Biolog.  Soc.  of  Washn.,  IV,  1886-88, 

.  112-116. 

[.  Seeley,  Amer.  Geol.,  XXXII,  No.  1,  July,  1903,  pp.  1-12. 

1.  Bland,  Amer.  Jour,  of  Conchology,  I,  pp.  191-204.    1865. 

Jean  Louis  Rodolphe.     Zoologist  and  glacialist. 

n  Motier,  Switzerland,  May  28,  1807;  died  in  Cambridge,  Mass.,  December 
In  1832,  professor  in  the  Academy  of  Neuchatel.  In  1846,  came  to  United 
id  in  1847,  appointed  professor  of  zoology  and  geology  in  Harvard  Univer- 
1  1851,  professor  of  (comparative  anatomy  in  Charleston,  S.  C.  In  1859, 
in  Cambridge  the  Museum  of  Comparative  Zoology.  Best  known  as  a  lec- 
icher,  and  authority  on  fossil  fishes,  and  as  the  father  of  the  glacial  theory, 
les  sur  les  Glaciers  appeared  in  1840  and  his  Glacial  System  in  1847. 

r.  Life  and  CorreHpondence,  by  Elizabeth  C.  Aguwiz,  Boston,  1886. 

r.  Life  and  Letters  of  Louis  Agassiz,  by  Jules  Marcou,  Boston,  1895. 

lOir  of  Louis  Agassiz,  by  Arnold  Guyot.    Biog.  Mems.  Nat.  Acad.  Sci.,  II,  1886. 

ard  Blifls,  Pop.  Sci.  Monthly,  IV,  March,  1874,  pp.  608-618. 

Samuel.    Physician. 

,  1785;  died  on  Staten  Island,  New  York,  July  6,  1845.      Graduated 

lumbia  College,  1804.  Wrote  mainly  on  medical  subjects.  His  principal 
kl  publication  was  an  essay  on  the  geology  of  the  Hudson  River. 

,  Truman  Hem  in  way. 

n  Palmyra,  N.  Y.,  October  17,  1848.  Graduated  at  the  Rensselaer  Poly- 
[nstitute,  Troy,  N.  Y.,  as  a  mining  and  civil  engineer,  in  1869.  Assistant 
on  various  railroad  surveys  and  public  works  in  New  Jersey  till  1871,  when 
<!  to  Alabama  and  became  interested  in  coal  mining.  His  publications  are 
tn  coal  and  recent  shells  and  Tertiary  fossils. 

Francis. 

n  Bridgewater,  Mass.,  March  8,  1807;  died  in  Washington,  D.  C,  November 
In  1826-27,  made  collecting   trips  into    Nova  Scotia,  and  in  1828-29, 
in  the  same  Province  with  C.  T.  Jackson.     In  1844,  published  an  edition  of 
9  Mineralogy. 

.T  Mus  1904 44  ^^ 
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Axnnnn,  Eamnmam,  Baldwix.    Theokvelaii  and  geolflgiifc 

Bom  in  Daobory,  Gonn.,  April  9,  Iffll;  diediiiIjuicMler»01ilOb  A^patH 
Graduiiled  from  Marietta  Oolkge  in  ISO.    In  1«KL-1«B»  pmiBnor  d  flBoiaar 
Marietta  €blk«e»  and  tim  becamB  aarialani  fleoli«lafc  to  tba  (Miio  State 
^otlior  ol  Text-book  on  Elenientaiy  Geology,  Oiminiwli,  1S7S. 

Ajitkbui^  TnoiLia,  FhTridlan  and  dbemiat 

Bom  in  Diiblin,  Irdand,  January  1%  1817;  died  In  Waahingten,  D.  a,  Ji 

IMt    ByiMofoBrionacbemiilandaQigBon.    OmeloAnieiiealnlMBand 

medicine  in  Hew  Yoric  lor  aix  yean^  at  aame  time  leeloring  In  eolkfm  kk  Wc 

alocl^Vt,FittBfield,Maai.,andBerladkiieMediealIm*lMa    In  1864-1360^  aerfedi 

geologiat  on  F)MillcBailioad8orfi«y  underlie^  Inl8lli-18n»i 

in  Union  Amy.    In  1805-1870^  chief  diemiafc  in  DepartmenI  of  Agricnllme. 

1871*1877,  in  Japan  in  service  d  Imperial  Govemmenl  aa  cliemiflt  and 

Btggr.  W«.  H.  Wwnnitw,  VtiOm,  aoe.  oi  WiMlm.,  Bon.  Xm,  9^ 
.  TtttttooknC  Agr.  Dept.  Iffli  p.  flK 

Aamuawaa,  ORAXLaB  Aunnrr.    Mining  epgineer* 

Bom  in  Pliiladelpliia,  PHl,  Febriiaiy  9, 1864;  died  In  Pittaboig^  Fk.,  December: 
1888.    Eccmomic  geologiat  with  eqpedaliefeienee  to  petieleuntgea^  coal,  a^ 
Tnined  aa  a  dvil  engineer,  bot  soon  abandoned  the  calling  for  that  d  geolqgirt.j 
Gedo|^  Uymoond  gecdoglcal  anrrey  of  FennqrlvaBlay  1878-1888. 

BAmoB,  Dahixl  Hxitbt.    Bapt^  dergynum  and  edncator. 

Bom  in  Omaan,  Golnmbia  Ckmnty,  N.  T.,  April  25, 1786;  killed  in  nmaway  aoi-i 
dent  in  Troy,  N.  Y.,  October  27, 1828.  Giadnated  in  theology  Cram  Unkm  Cottogi 
hi  1809  and  in  1816>  became  principal  of  the  rliiwif  al  department  of  that  hMtitotkn. 
In  1819,  made  profeesor  of  languages  in  the  Baptist  Theological  Seminary,  New  Yoii: 
City.  Rendered  valuable  service  on  ordinal  edition  of  Webster's  Dictionary.  Pab- 
lished  but  one  purely  geological  paper — a  geological  section  of  the  Canaan  Moantaios. 

Biogr.  Am.  Jour.  Sci,,  XV,  1829,  p.  401. 

Barbis,  Willis  Hkrvey.     Clergyman.  | 

Bom  in  Beaver  County,  Pa.,  July  9,  1821;  died  in  Davenport,  Iowa,  Jane  10, 1901.  ' 
Clergyman  and  teacher,  interested  in  the  sciences,  particularly  in  geology.    One  of 
the  founders  of  the  Davenport  Academy  of  Sciences.    Published  three  brief  papers 
on  the  local  geology  of  Davenport 

Biogr.  C.  A.  White.    Annals  of  Iowa,  October,  1901,  p.  219. 

Beck,  Lewis  Caleb.     Chemist. 

Bom  in  Schenectady,  N.  Y.,  October  4, 1798;  died  in  Albany,  N.  Y.,  April20, 1853. 
At  time  of  death  held  the  professorships  of  chemistry  and  natural  history  at  Rutgers 
College,  New  Jersey,  and  of  chemistry  in  Albany  Medical  Coll^^e. 

Am.  Jour.  Sc.,  XVI.  1853,  pp.  149-150. 

BiGSBY,  John  J.     Physician. 
A  British  medical  officer.     Wrote  principally  on  Canadian  geology. 

Billings,  Elkanah.    Paieontologist. 

Bom  in  Gloucester,  Canada,  May  5, 1820;  died  in  Montreal,  Canada,  June  14, 187& 
Educated  as  a  lawyer.  In  1852-1855,  editor  of  the  Citizen,  at  Renfrew,  Canada.  In 
1856  established  the  Canadian  Naturalist.  From  1856  to  time  of  his  death  paleon- 
tologist to  the  provincial  government. 

Biogr.  Henry  M.  \mL    Amer.  Geologist.  XXVII,  No.  5, 1901,  pp.  26&-281. 

Binnbt,  Amos.    Conchologist. 

Bom  in  Boston,  Mass.,  October  18,  1803;  died  in  Rome,  Italy,  Febmary  18, 1847. 
Gradmp^  from  Brown  University  ml^l. 
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Blaks,  William  Phipps.    Geologist. 

Bom  in  New  York,  June  1,  1826.  (jraduated  from  Yale  Scientific  Sciiool  in  1862. 
Geologist  and  mineralogist  for  U.  8.  Pacific  Railroad  Expedition  in  1853.  Became 
professor  of  mineralogy  and  geology,  College  of  California,  1864;  now  director  of 
School  of  Mines,  University  of  Arizona,  and  Territorial  geologist 

Booth,  Jambs  Cctrtis.    Chemist. 

Born  in  Philadelphia,  Pa.,  July  28,  1810;  died  in  West  Haverford,  Pa.,  March  21, 
1888.     Professor  of  applied  chemistry,  Franklin  Institute.     In  1849  appointed  super- 
intendent of  smelting  and  refining  precious  metals  in  United  States  Mint.     Assistant 
on  geological  survey  of  Pennsylvania  and  State  geologist  of  Delaware,  1839-1841. 
Lamb'fl  Biog.  Diet,  of  United  States. 

Bradley,  Frank  Howe.     Geologist. 

Bom  in  New  Haven,  Conn.,  Septeml)er  20, 1838;  died  near  Nacoochee,  Ga.,  March 
27, 1879.  In  1867,  assistant  geologist,  State  survey  of  Illinois.  In  1869-1875,  professor 
of  geology  and  mineralogy  in  the  University  of  Tennessee.  During  summer  of  1872, 
assistant  geologist  in  the  Hayden  surveys.  After  1875  engaged  in  private  work. 
Killed  by  a  cave-in  in  a  gold  mine. 

Am.  Jonr.  Sci.,  XVII,  1879,  p.  415. 

Bramby,  K.  S. 

Bom  in  Statesburg,  S.  C,  August  4,  1804;  died  near  Athens,  Ga,,  October  6,  1871. 
Received  a  classical  education  and  became  first  a  lawyer,  then  a  newspaper  editor. 
From  1834  to  1849,  professor  of  chemistry,  mineralogy,  and  geology  in  the  University 
of  Alabama.  In  the  latter  year  elected  to  a  similar  position  in  South  Carolina  Col- 
lege in  Columbia,  8.  C,  where  he  remained  until  1856.  ^ 

Branner,  John  Casper.     Geologist. 

Bom  in  Newmarket,  Tenn.,  July  4, 1850.  Graduated  from  Cornell,  1874.  Geolo- 
gist on  Imperial  Geological  Commission,  Brazil,  1875-1877;  topographical  geologist, 
geological  survey  of  Pennsylvania,  1883-1885;  professor  of  geology.  University  of 
Indiana,  1885-1892;  State  geologist  of  Arkansas,  1887-1892.  Professor  of  geology, 
Leland  Stanford  Junior  University,  since  1892. 

Brewer,  William  Henry.     Chemist  and  geologist. 

Bom  in  Poughkeepeie,  N.  Y.,  September  14,  1828.  (xraduated  from  Yale  in  1852; 
studied  at  Heidelberg,  Munich,  and  Paris.  Professor  of  chemistry  and  geology, 
Washington  College,  Pennsylvania,  1858-1860;  first  assistant  on  geological  survey  of 
California,  1860-1864;  professor  of  chemistry,  University  of  California,  1863-64. 
Professor  of  agriculture  at  Yale  since  1864. 

Briggs,  Caleb. 

Born  in  North  Rochester,  Ma^js.,  May  24,  1812;  die<l  in  North  Rochester,  Mass., 
September  28,  1884.  Assistant  on  geological  survey  of  Ohio  under  Mather,  1837,  and 
on  geological  survey  of  Virginia  under  Rogers  in  18ii9.  Worked  principally  in  the 
coal  and  iron  formations. 

Biogr.  Chas.  Whittlesey.    Mag.  of  Western  History,  II,  1885. 
Broadhead,  Garland  Carr.     Geologist. 

Bom  in  Albemarle  County,  Va.,  Octol)er  30,  1827.  Civil  engineer,  Pacific  Rail- 
road of  Missouri,  1852-1857;  assistant  geologist  of  Missouri,  1857-1861  and  1871-1873; 
State  geologist  of  Missouri,  1873-1875;  assistant  geologist  of  Illinois,  1868;  professor 
of  geology.  University  of  Missouri,  1887-1897. 

Brooks,  Thomas  Benton.     Geologist. 

Born  in  Monroe,  N.  Y.,  June  15,  1836;  ditKi  in  Newburgh,  N.  Y.,  Noveni))er  22, 
1900.  Began  life  as  a  land  surveyor.  In  1865,  engaged  on  general  survey  of  New 
Jersey.  In  1866-1869,  vice-president  and  general  manager  of  Iron  C'liff  mine  in  the 
Marquette  district  of  Michigan.   In  18(»9-1873,  connected  with  State  t^urv^i^  oIWviVa^axw. 

Biogr.  BalJey  Willis.    Science,  Mar.  'iU,  1901. 


Rl£t>URT    OF   KATIUKAl.    UI-'HKL'H,   IWt. 

Itini-K,  AacnnuMi.    riifncisi)  M»t  rotnerKlopil.. 

Bom  hi  NVw  Y'irk  City  in  Fvbnnu?.  1777^  <1M  in  N«w  Yxrii.  F«4>nurT  2*  inn  I 
Ihirinii  A  twii  yi3tn>^  inur  iif  Euitfpe  hn  i-idlectHl  •  ralnaU^  Kunawlr^ieal  a  ' 
Uid  rtfllirmd  \ii  thv  l'nrt«d  KUI«*  ib  IMIH,  (n  cjiter  oa  the  pi»cti<«  of  n 
Aivutnl  in  »r|puiia>tiiin  u(  Cullt^  ul  IliviJawH  •nd  Sni^eoat  of  State  of  X««  Vurli, 
EflCBl>lii>ho<l  J'njriutl  (if  AniHriiwi   Mlni-nl'ifi?.     Prulwur  of  nntirna  medn  imi      j 
mini^nit'JKjr  id  (^IIpki!  nf  l^iyaifJiuui  t>(  Npmt  Yorfc  ud  itetfgn'c  QiUeee,  Ne«  Jcnet. 

Biurr.  ABi.  Juu>.  Hd,.  t.  W».  vv-  SV-^OI, 

nrtKLKir,  !«AMrKi.  l(<rTHr<'Ki>.     Botanu'L 

Bfjrii  iiMr  IVnn  Van,  in  Y«l«i  Connt;,  N«v  V»rk,  May  9.  1809;  -IM  in  AiMia. 
Tex.,  Ccrlirnwy  IS.ISM,    (ifw]uiil«(j(W«9ilv>nii  Univ«rrsit]',Hid'UeUi<m,f>»D-.1>aG. 
Taught  boUny  in  niin<iii>,  Alabama,  ami  other  Samhrm  Statee.    Diwcvemj  u 
doll  nkelvtun  In  Clarke  0>uuty,  Ala.,  In  1841.    In  186tt-«7,  SUte  fvAopA  of  Tfu*. 

Bull.  Tiinfr  Bolanip<l  Club.  XI. 
C'HANBIHU'i,  TlioMAH  CboWUKIL      (leoltif^ 

Dnrn  in  MatUxin,  111.,  »*><pU<mhor  25,  IMS.  (iraduate  of  Beloit,  IfliuL  PtTJmor 
■ft  natuml  mrit^iuv.  8tal«  nonual  wtIiuoI,  Whitewnler,  Wie.,  IMW-ISTS;  pruhwor  oi 
litNilciKy,  Dt-loit,  lMt2-18NTi  pmridi-jitof  irnirerxity  of  Wiacundn,  lRft7-18K. 
aiit  Staid  K«<olo08t  WiAnmeln,  1H7S-IKT0;  chief  (^lofriM  WiMunein.  1^6;  CBiml 
Ktatm  ueuluftiiit  in  i^harfCK  "f  gl>u4ul  ilivirion  «ince  1882;  K^ologiet  nf  Peory  KelM 
Kxpwiition,  l(W4.  fiinpp  !H«2  head  profewwr  ot  geology,  I'Divereity  of  Cbi«gD. 
('HjtK(-x,  IIkkhv  Maimts.     Mining  entfriiieer  siiil  g^ologict. 

{torn  in  Philadelphia,  January  IK,  IR.^.    (iraduated  frotii  rnivvndty  of  Paunt!- 
vania,  1H74.    AwiifUtit  iceoloitiet,  PennayU-ftnia  getdogical  nirvey,  1874-1884. 
Cbcikii,  Jonv  Auahb.    Metallurguit  and  <niniiig  enj^neer. 

liomin  R«chi«t.T,N.  y,,A|)ril5.  W:t.    (imdiiateil  Ironi  Columbia  in  1867.    Acting 
|irufcMH)r  of  iiiiiU'wliiKy  junl  aitl»lturj(y,  (.'Kihimhia  School  of  Miniti:  eciitor  Enp-    I 
mi'rinK  ami   Minina  Jminuil,  1M72-1K74;  lor  come  tiino  connected  with  V.  S.  G*n-    | 
logical  Harvey;  profermor  mining  aad  luetaHurgy,  Ohio  State  I/aiveraity,  1078-1681. 
ViAtfoVK,  KnwARD  Waller.    Geol<%ist. 

ttum  in  KoHH,  Ilereford,  Er^land,  June  1,  1835;  died  in  Long  Beach,  Cal.,  Aognst 
17,  lt)OI.  Canie  to  United  States  in  1872  and  became  profeaeor  of  natural  ecience  •> 
Antioch  Collene,  Yellow  .Springx,  Ohio,  in  1873.  In  1681--18S3,  connected  «iUi 
Hecond  geological  survey  of  Pennsylvania.  In  1683,  appointed  profeeeor  o{  nataiil 
Hcience  in  Duchtel  College,  Akron,  Ohio.  In  1898  to  time  of  his  death,  profevor  oi 
geology  and  liiology  at  Throop  Polytechnic  Institute,  Pasadena,  Cal. 

Hlofir.  TliL-o,  H.  Comilock  and  Ueo.  M.  Klchan3»n.    Amer.  Oeol.,  XXIX,  VKO.  No.  1,  pp.  l-n. 
T.  B,  (^iiDxlcx'li.    Hull.  Ueol.  Sue.  of  AmerlM,  XIII.  Feb.,  IMS.  pp.  487-97. 

('lkavelam>,  I'arkbh.     ChemiHt  and  mineralogiet. 

Horn  in  Yfuex,  Mass.,  January  15, 1780;  died  m  Brunswick,  Me.,  October  16,  1858. 
(iraduatedal  Harvard  in  1709.  In  1805,  appointed  professor  of  mathematics,  natural 
philosophy,  cheniislry,  and  mineralogy  in  Bowdoin  College,  and  conttnned  to  t«acb 
thttw  branches  (with  exix'ption  of  mathematics)  until  time  of  his  death.  Is  btft 
remembered  as  a  teacher  and  mineralogist. 

Uingt.  Am.  Jiiiir.  Brl..  XXVI,  185H.  pp.  U6-t. 
C-oLLRTT,  John.     Cieologist. 

Bom  ill  Ku^ene,  Ind.,  January  10,  1828;  died  in  Indianapolis,  Ind.,  March  IS, 
189B.  (irailiiat^l  from  Walwsh  College.  Craw  ford  svi  He,  Ind,,  in  1847.  From  IM* 
t<i  1870  atwistant  un<ler  K.  T.  Cox  iri  State  8ur\ey  of  Indiana,  and  in  last-named  ye*t 
iiiaile  Slate  geolo^st  and  statist ician.  1880  ap|M>inted  geologist  in  chief  for  a  lenv  "' 
/our  yearn    At  the  end  oihblermoiaeMce  bcTOtired  to  private  life. 
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CoNKLixG^  Alfred  Ronald. 

Born  in  New  York,  Septeniy>er  28,  1850.  Graduate*!  from  Yale  in.  1870.  For  a 
whort  time  connected  with  V.  S.  Geolojdcal  Survey  under  Hayden. 

CoxBAD,  Timothy  Abbott.     Concliologist  and  paleontologist. 

Bom  near  Trenton,  N.  J.,  June  21,  180,3;  dieii  in  Trenton,  N.  J.,  August  9,  1877. 
By  profession  a  printer.  Geologist  and  paleontologist  of  New  York  State,  1827-1842. 
Prepared  official  reports  on  the  foHsils  collected  by  the  Wilkes  Exploring  Expeili- 
tion,  the  expedition  of  Lieutenant  Lynch  to  the  Dead  Sea,  and  the  Mexican  Bound- 
ary Survey.  He  also  published  an  important  work  on  the  fossil  shells  of  the  Tertiarj' 
formation  of  Nortli  America. 

BiogT.   Wm.  H.  Dall.    Proc.  BioloR.  Soo.  of  Washington,  IV,  1886-D8,  pp.  112-114. 

Cook,  Geobge  PIammell.    Geologist. 

Bom  in  Hanover,  N.  J.,  January  5,  1818;  died  in  New  Brunswick,  N.  J.,  Septem- 
ber 22, 1889.  In  1839-1842,  tutor  or  adjunct  professor  and  1842-1846,  senior  professor 
at  the  Rensselaer  Polytechnic  Institute.  In  1848-1851,  connected  with  Allmny  Acad- 
emy at  Albany,  N.  Y.  In  1853,  professor  of  chemistry  and  natural  science  at  Rut- 
gers College,  New  Brunswick,  N.  J.  In  1854-1856,  assistant  geologist  of  State  of  New 
Jersey.  In  1864,  made  State  geologist,  a  position  which  he  continue<l  to  fill  till  time 
of  his  death. 

Biogr.  James  Neiliion.    AddresH  before  faculty  of  Riit^era  ColIeRe,  1890. 

CooPEB,  Thomas.     Educator. 

Bom  in  London,  England,  Octol>er  22,  1759;  died  in  Columbia,  S.  C,  May  11, 
1840.  Came  to  America  in  1795  and  served  for  brief  periods  as  professor  of  chem- 
istry and  allied  sciences  and  law  in  Dickinson  College,  University  of  Pennsylvania, 
University  of  Virginia,  and  South  Carolina  College,  becoming  president  of  last  named 
in  1821  and  serving  until  1833. 

Biogr.    History  of  Higher  Education  in  South  (::arolina  by  Colyer  Meriweather.    Bureau  of 
Education,  Washn.,  1HK9. 

Cope,  Edward  Drinker.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  July  28,  1840;  died  in  Philadelphia,  April  12,  1897. 
Vertebrate  paleontologist  Professor  of  natural  science  at  Haverford  College,  Pa. , 
1864-1867;  connected  with  theU.  8.  Geological  Surveys  under  Lieut.  G.  M.  Wheeler, 
1874,  and  Dr.  F.  V.  Hayden.  Curator  of  Academy  of  Natural  Sciences  of  Phila<iel- 
phia,  1865-1873.  Professor  of  geology,  University  of  Pennsylvania,  1889.  For  many 
years  editor  of  the  American  Naturalist. 

Biogr.    P.  Frazer.    Anier.  Oeol.,  XXVI.  Auj?..  1900. 

Cornelius,  Eli  as.     Clergyman. 

Bom  in  Somers,  N.  Y.,  July  31, 1794;  dit^i  in  Hartford,  C^nn.,  February  12, 1832. 
A  clergyman  who,  in  comi>any  with  many  others  of  his  time,  was  intereste<l  in  the 
sciences.     Wrote  a  little,  but  did  no  active  work. 
B\ogT.    Bela  Hublmnl.    Nat.  Cyclo.  Am.  Biojfr.  1833. 

CoTTiNCi,  John  Ri'ocjles.     Clergyman. 

Bom  in  Acton,  Mass.,  1784;  died  in  M i Hedge vi lie,  (ta.,  October  18, 1868.  A  clergy- 
man interested  in  science.  Removed  to  Augusta,  Ga.,  in  1835,  and  was  engage*  1  by 
private  jMirties  to  make  agricultural  survey  of  Burke  and  Kichnumd  counties.  The 
work  was  complete*!  in  1S3(),  and  map  and  drawings  deposited  in  the  Medic4»l  College 
at  Augusta.  Report  published  in  IH;^.  State  geologist  of  Gi»orgia  for  two  years. 
BiogT.  Am.  Min.  Jour..  XLV,  1X4V.  p.  141. 

CoiTTHorv,  Joseph  Pittv.     Conchologist. 

Bom  in  Boston.  Mass.,  January  6,  1808,  of  French  extraction;  shot  on  U.  8.  S. 
Chillicothej  off  Grand  Kcore,  1^.,  April  3,  18(54,  and  died  following  <lay.  In  early  life 
shipped  as  sailor  on  his  father'.^  vessel.     In  \H*.^,  \>ei»avwe  wx^yc^t^t  vA  Vi^^VAx'^WvtV^ 
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of  Natiirel  History;  viae  coni^hologist  to  Wilkes  KKpIorin^j  Kipfdition  for  two  years. 
Commaiuled  United  8tat*B  veaee!«  Irom  outbreak  of  rebellion  until  hp  lost  his  lilc. 
Bli«r,  Wlu.  a,  Du'.i.    BDmc  Ajuer.  i:oDchnlatrlaU.    Pror.  Biolnti.  Sac  o(  Wuhn,.  IV.  1M6-M. 
pp.  lOB-111. 

CVix,  KnivAKD  Travbks.     Geologist. 

Bom  in  Ciilp^iier  County,  V«.,  April  21,  1821.  Stndietl  geology  and  i-hemistry 
under  D.  D.  ( iw«n  and  served  ae  !U«iHliitil  on  survoys  of  Kentucky  and  Arkaiuiu, 
In  1868-1880,  Stftt^  B»M.>logi8t  of  Indiana. 

COIUBENN,  IkSACIIAR. 

Bom  in  Newport,  R.  I.,  Depeml)er  Ifl,  1780,  died  in  Guttenberg,  N.  J.,  Aprii  17, 1865. 
GoxEens'n  daim  to  rc<cuKnitinii  an  a  geologiijt,  aci  far  up  his  |inb]i»itions  are  coocvtned, 
is  based  upon  his  geolo)(i<'al  hiatory  of  Manhattan  or  New  York  Inland,  dated  1M3. 
Bhw.  Qelil,  A.  W.  Vr«iles.    Amei.  UvdIiik..  XXIV,  Nu,  6,  )«»,  |>p,  K7-». 

Dalb,  Thoham  Nklson.    Geologi)^. 

Born  in  New  Ynrk  City,  November  25,  1845.  Prof«Bor  of  geology,  zoology,  aiul 
botany,  Dniry  College,  Migeuuri,  1877;  professor  of  geolc^y,  VaBsarCoUejite,  1878;  con- 
nected witli  U.  B.  Geotog^ral  Survey  sinee  1885— as  field  asaistant,  1885-1889;  a«nst- 
Mtt  gmlngist,  1890-81;  geologist,  1892  to  date.  Instructor  in  Williama  CuUege— in 
gMlogy,  16Kf:  botany.  1807;  rengned,  1901. 
Dall,  William  Hbalkv.     Naturalist. 

Born  in  Bovtun,  Maw.,   August  21,  1845.     I^tudied  natural  R'ienu«(9  under  ljaw» 
Agassiz.     Paleontologixt  on  U.  B.  Geological  Surv<iy,  1884-1898.     Since  1880,  altarberl 
to  U.S.  Natiniial  Miuieilin:  sint-e  1893,  aluoprofefeor  inverlebrHle  paleontology,  Wng- 
ner  Institute  ot  Sciences-,  Philadelphia. 
Dana,  Edwasd  Salihhurv.    Mineralogist. 

Bom  in  New  Ha\'en,  Conn.,  November  16,  1849.     Graduated  from  Yale  (jniverajty 
in   1870;  also  studie<l  in  Heidelberg  and  Vienna.     Member  of  Yale  faculty  since 
1874.     Editor  American  Journal  of  Science.     Author  of  Text-Book  and  SvHtem  of 
Mineralogy. 
Dana,  James  Divicht.     Geoli^iet. 

Born  in  Utici,  N.  Y.,  February  12,  1813;  died  in  New  Haven,  Conn.,  April  14, 
1895.  Entered  Yale  in  18:M,  but  withdrew  in  August,  1833,  to  become  iostractor  id 
mathematics  in  the  Navy.  In  1836,  reentered  Yale,  remaining  two  years,  serving  m 
asMHtant  lo  Professor  Si  Hi  man.  In  1838-1842,  geologist  and  mineralogist  to  the  WilLes 
Exjiloring  Ex])edition.  In  1846,  became  eilitor  of  American  Journal  of  Science.  In 
1850,  appointed  profexaor  of  natural  history  in  Yale  Collc^,  the  title  in  1864  being 
changed  to  |>nife!«or  of  geology  and  mineralogy.  Retained  thischair  until  1890,  when 
he  retire<l  from  active  university  work.  "The  foremost  geologist  of  Americaand  one 
ot  the  forenioHt  of  Ihe  world." 
Bki»[r.  K.S.  itai 
C.  B,  M.-.'clier. 

Jnvph  U>  <tent<'.    Bull.  Heol.  Soc.  Amer.,  Vll.  1 
l>,  C.  (JilniBi..    Tii«  Lite  of  Jura™  Dwighl  Diina,  vm. 

Dana,  Samhei.  I.itheh.     Chemitit. 

Born  in  Amherst,  N.  H.,  July  11,  1795;  .liwl  in  Lowell.  Maai.,  March  11,  1868. 
liradiiated  in  medicine  in  1818  and  practiceil  until  1826.  Chemist  to  the  Newl«n 
Chemiral  (^'om|«ny,  from  alraut  1826-1K.'(4.  Consulting  cheoiiBt  of  Merrimac  Maou- 
lactnring  Com|>any,  at  Lowell,  Mass.,  18;i4--18G8.  With  his  brother  J.  F.  Daiw, 
published  a  work  on  the  mineralogy  and  geology  of  Boston  and  vicinity. 

Bli«r,  i'lip.  Hri.  Monthly,  pp.  GW-IJDT. 
Am.  Jour.  !■>(.,  Xr.V,  WW.  p.  W>. 


APPENDIX  b:  biographical  sketches.      695 

rsoN,  Gborob  Mercer.    Geologist. 

om  in  Pictou,  Nova  Scotia,  August  1,  1849;  died  in  Ottawa,  Canada,  March  2, 1901. 
dnated  at  the  London  School  of  Mines  in  1872,  and  became  geologist  and  botanist 
•^orth  American  Boundary  Surveys,  1873.    Connected  with  Geological  Survey  of 
ada  from  1875  to  time  of  his  death,  succeeding  Selwyn  as  director  in  1895. 
BiogT.  Frank  D.  Adams.    Bull.  Geol.  Soc.  of  America,  XIII,  Feb.,  1903,  pp.  497-609. 

rsoN,  John  William.    Stratigraphical  geologist  and  paleobotanist. 

om  in  Pictou,  Nova  Scotia,  October  13,  1820;  died  in  Montreal,  Canada,  Novem- 

19,  1899.    Superintendent  of  education  in  Nova  Scotia,  1850.     Principal  of  McGill 

varsity,  1855-1893.    The  author  of  many  works  bearing  upon  science  and  religion; 

meet  important  books  being  Acadian  Geolog>',  the  first  edition  of  which  appeared 

855;  the  Geological  History  of  Plants;  Air  Breathers  of  the  Coal  Period;  and  the 

rn  of  Life.    One  of  the  most  eminent  advocates  of  the  theory  of  the  organic  ori- 

of  the  Eozocn  canademe. 

Biogr.  Ball.  Geol.  Soc.  Amer..  XI,  1899.  pp.  550^580. 
H.  M.  Ami.  Amer.  Geol.,  XXVI,  1900,  pp.  1-67. 
Eng.  &  Min.  Jour.,  LXVIII,  No.  23,  Dec.  2, 1899,  p.  664. 
Canadian  Rec.  of  Sci.,  VIII.  1900,  pp.  137-149. 

.NE,  James.    Physician. 

om  in  Coleraine,  Mass.,  February  24,  1801;  died  in  Greenfield,  Mass.,  June  8, 
\.  Physician  by  profession,  his  claim  to  geological  recognition  being  founded 
n  his  work  on  fossil  footprints  in  the  sandstones  of  the  Connecticut  Valley,  to 
study  of  which,  contemporaneously  with  Hitchcock,  he  devoted  much  attention. 

THY,  CHEgrrsR.     Naturalist. 

om  in  Sheffield,  Mass.,  October  25,  1784;  died  in  Rochester,  N.  Y.,  December 
867.  Tutor  in  Williams  College,  1808-1810.  In  1810-1817,  professor  of  mathe- 
;ics  and  natural  philosophy,  also  professor  and  lecturer  on  chemistry  and  botany 
nedical  colleges  of  Pittsfield,  Mas.'^.,  and  Woodstock,  Vt.,  for  many  years.  In 
M850,  principal  of  the  Collegiate  Institute  of  Rochester,  N.  Y.  In  1850-1860, 
feasor  of  chemistry  and  natural  philosophy,  University  of  Rochester. 

:atel,  Julius  Timoleon.     Chemist. 

om  in  Baltimore,  Md.,  June  6,  1796;  died  there  April  23,  1849.  Professor  of 
iral  philosophy  in  Mechanic's  Institute  of  Baltimore,  and'  of  chemistry  and 
logy  in  faculty  of  arts  and  sciences  in  the  University  of  Maryland.  In  1830  suc- 
led  Doctor  Butts  in  the  chair  of  chemistry  in  the  medical  department  of  the 
srersity.  In  1835,  in  conjunction  w^ith  J.  H.  Alexander,  made  a  preliminary 
mnaissance  of  Maryland;  was  apix)inte<l  professor  of  chemistry,  mineralogy,  and 
logy  in  St.  John*s  College,  Annapolis,  but  in  1838  or  1839  resigntMl  hoXh  appoint- 
its  to  devote  himself  to  the  survev  work. 
Obituary.    Am.  Jour.  Sri.,  VIII.  1W9,  pp.  140-149. 

TON,  Clarence  Edward.     Major  in  United  States  Army  and  geologist, 
om  in  Wallingford,  Conn.,  May  15, 1841.     Cira(luate<i  from  Yale  in  1860.     Entered 
ted  States  Anny  in  1862,  and  after  civil  war  devoted  leisure  to  study  of  geology. 
875-1891,  detailed  for  duty  with  U.  S.  Geological  Survey. 

toHT,  William  Buck.     Geologint. 

om  in  Constantinople,  Turkey,  May  22,  1833.     (iraduattni  from  Yale  Univer- 

,   1857.     In  1865-1867,  engageil  in  mining  explorations  in  Virginia  and  Missouri. 

867-1870,  taught  at  West  Point.     In  1870-1878,  professor  of  natural  sciences  at 

e  Normal  School  of  Connecticut;  since  1878,  professor  of  natural  history, Vassar 

lege. 

•ON,  Amos.    Geologist  and  educator. 

om  in  Chatham,  N.  Y.,  May  17,  1776;  died  in  Troy,  N.  Y.,  May  6, 1842.     (Jrad- 

»d  from  Williams  College,  1799,  and  Hul)^4^M^uently  8tudie<l  and  practiced  law.     In 


REPOBT   or  l(ATIOS4L  liriiErjl,  1901. 


I«wKr4  admnk^  anrf  we^r^  >tth  PnA^ar  mHataa.     B*iiimnl  tii 
OnQaaeaod^twemanKflf  tectonwoa  tnlaiiT.  gmlofiT,  knii  miiwnilii^lnKil-  | 
r  Haluli      U  UBO,  appiiiMed  pml^nw  u4  aatuiml  hktorr  In  M«lir&l  CoUqp  1 

«ad  Baowtllir  oMMia^  X.  Y.  In  IXS-^t,  uo  warwy  of  dHtrit-t  md>ouut^  dw  Er^ 
CkoiL  In  Uat,  matk  Ktnor  pfufcf  jr  tl  ■Ami  of  ««B«ii,  Bgowriicr  PnljiMhnic 
l—rflMf.  wbMv  be  imwiiMid  till  hb  dMth. 

■taST.  n^  tti.  MiMlklT.  XXXnit.  S»>i^»iJ.  uk  i^  iis-iu 

Bats  u  MiJdIefieM.  M«k.  H»r  10^  ITW;  died  in  Bnunrick  Cooot}-,  K.  C,  Octo- 
te- 1,  I W3.  Orarlmled  at  Wiltiun?  CoU«k«.  M>«rliMefO>.  in  183).  anJ  for  fillen 
j^afspfaclindniediciDeuMliKii^rTiD  B«rk»liire.  In  I83S~1S52,  proleeeotof  i-heniii- 
try  «t  Ukp  Alhuy  Medio]  Sctutol.  Id  183ft.  Ie<rtanr  un  cheiuiMir  in  Wiillaiaft  Cii- 
tqt».  In  1833.  appun  ted  prof t»or  of  natonl  hialorirIosunc«d  C-  D««ey.  InlfiSE, 
«{>|iointed  gpnln^A  of  Sarmul  Dirtricl  New  Yort  State  geological  attire)';  fmni  U 
141 1 863  8ute  9«oIr.fwt  of  Xonh  CamliDA.  is  bcM  tanembend  am  the  origiiMtor  md 
defender  «f  llie  TacMtir  sfttem  in  North  Anwricx. 
Bfc^r.  JdIm  MuToa     Abet.  GcU..  Jan..  USI.  r^  V-tK 

*w,  Inr.  fci .  xxx*-n.  »tar.  ww.  »i  lu. 

fop.  ad.  HsBIhlT.  Jan..  I«M. 

Bmmoxm.  KiNrn.  Frakkus.    Otologic. 

BgminBtwtnn,  VUae.,  Uuvb2B,  IMI.  (ir&dtal«d  from  H&rvBrd  in  1861.  BtaAM 
In  fVin  Uid  at  Fr«ibetv  MinioK  School,  Baxoiiy,  1862-1865.  (iojloffud  FonltiKh 
FUkllel  Karvcf.  1867-1877.  On  L'.  S.  G«»I(«icBl  Survey.  ISTU  to  date. 
'Emduch,  Pxbi>^c  Milld.    Miniim:  engiii««r, 

BominItaulinK,Pa.,JaneI4,t8&I;di«diiiTiiGean,  Aji«.,Jal;^1T,  tSOB.    Is  18TJ- 
1K80.  iiiiiieniliiriBianilchemii^alSmilbeoDianlnstitmion.    In  I67.1-I979.X!^-<tait<in 
IT.  S.  Geol.-)fi>'iil  and  <if..Krj[.liin-al  Survpys  imilcr  F.  V.  Hayilen.     Fr.iii  ISSOMlinn' 
ol  llie  ilealh  iiigagixi  ao  uiiuiug  liOgiiitxir  iu  viiiioiitt  {jofls  ot  lltu  IVuit. 
Enoklkank,  Gkokok.    Nataralmt. 

Bom  in  Fran kfort-on- Main,  Germany,  February  2,  180S;  died  in  St.  Lonia.  Ha, 
February  4,  IHM.  Graduated  at  WunburgUniveratyin  1831.  Came  to  Ameriaia 
1H32  anil  prepared  epecimens  of  plants  for  German  muaeums.  In  1S35,  began  the 
jiractjce  of  medicine  in  St  Louis.  Hie  recordfl  of  meteorological  otwervatione  in  the 
MisHiesippi  Valley  are  a  most  valuable  source  of  information  on  climatolt^'  during 
fifty  years.  Voluminous  writer  on  botany  and  other  branches  of  natural  history. 
First  president  oi  Academy  of  Science  of  SL  Louis. 

Hlugr.  Enno  Sander.    TranK.  Acad,  of  Scl.  SI.  l^ula,  IV.  1§7»-M,  pKlim.  pace*  1-13. 
i;.  A.  WhlK...    Blosr.  Meoui.  NhU.  Acni.  Sri..  IV..  1901,  pp.  1-31. 

KvANs,  John.     Physician  anil  geologist. 

Ikim  in  Portsmouth,  K.  11.,  February  14,  1812;  died  in  Washington,  D.  C,  April 
18, 1KU1.  In  1847,  whs  assisUnt  to  D.  J>.  Owen  in  the  Chippewa  distrind.  In  1851, 
appointed  to  institute  geological  researches  in  Orc^n  and  Washington.  Went  to 
(Antral  America  with  Ohirigiii  Exploring  Expedition,  I860. 

Hloffr.  Am.Jour.  !4cl..  XXXII.  Nov.,  1S«I,  p.311. 
FKATIIEHHTONHAunil,  GBOIUiB  WlIXIAH. 

Ilurn  in  Limdon,  1780;  died  in  Havre,  France,  September  28,  1866.  Came  to 
United  Ktatex  and  in  1884,  tnaile  examination  of  the  r^on  between  the  Miaaouri  and 
Ked  Kivers.  In  IBiU),  made  geologl<ail  reconnaissance  from  Washington  to  St  Pekre 
Kiver.  Ajipointed  by  Great  Britain  one  of  commission  of  two  to  settle  boundUT 
dlHpute  lietwesn  United  Slstes  and  Canada.  British  Consul  at  Havre,  ai 
mcape  of  lAiuin  Philil|>e  in  1848. 

J.  II.  FcBllH-rKi'iihaiigh,    Am.i.iHi\.,  k.pri\.li!«». 
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VitrrsR,  John  Wbllb. 
Bom  in  Peteraham,  Mass.,  March  4,  1815;  die<i  in  Hyde  l^rk,  Chicago,  111.,  June 
0,  IHlli.  Received  collegiate  education  at  Wesleyan  University,  Middletown,  Conn., . 
iter  which  he  studied  law  and  settled  at  Zanesville,  Ohio.  Was  assistant  to  Jackson, 
nd  8ub6e<iuently  worked  with  Whitney  on  survey  of  copper  lands  of  Lake  Superior. 
STrote  work  on  Prehistoric  Races  of  the  United  States  and  on  The  Mississippi  V^alley, 
is  Physical  Geography,  etc.,  in  1869. 

Bio^.  Pop.  Soi.  Monthly,  III,  Au|?u9t.  1873,  p.  50K. 

'razsr,  Pebsifor.    Geologist  and  chemist. 

Bom  in  Philadelphia,  Pa.,  July  24,  1844.  Graduated  from  University  of  Pennsyl- 
ania,  1862;  studied  in  Royal  School  of  Mines,  Freiberg,  Saxony,  1866-1869.  Miner- 
logist  and  metallurgist  on  U.  S.  Survey  under  Hayden,  1869-70.  Professor  of 
hemistry,  University  of  Pennsylvania,  1870-1874;  assistant  on  second  geological 
arvey  of  Pennsylvania,  1874-1882. 

lABB,  William  More.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  January  20,  1839;  died  there.  May  30,  1878.  In  1862, 
tfdeontologist  on  geological  survey  of  California  under  Whitney.  In  1868,  under- 
ook  survey  in  Santo  Domingo  for  private  comimny,  and  in  1873,  published  a  memoir 
tf  topography  and  geology  of  that  island.  In  1873,  went  to  Costa  Rica  and  engage<l 
ti  a  geological  and  topographical  survey. 

Bioirr.  Amer.  Jour.  Scl.,  XVI,  1878,  p.  161. 
rENTH,  Frederick  Augustus.     Mineralogist  and  chemist. 

Bom  in  Waechtersbach,  in  Hesse,  May  17,  1820;  died  in  Philadelphia,  Pa.,  Feb- 
uary  2,  1893.  Took  degree  of  Ph.  D.  at  University  of  Marburg  in  1845;  chemical 
ssistant  to  Bunsen  for  three  years.  In  1848,  came  to  America  and  settled  in  Phila- 
lelphia.  In  1872-1888,  professor  of  chemistry  in  University  of  Pennsylvania.  Best 
mown  by  his  studies  of  coninduni,  copper  products,  and  ammonia-cobalt  bases. 
Bioirr.  Geo.  F.  Barker.    Natl.  A<!ad.  Sci.,  Biogr.  Mems.,  IV,  1902,  pp.  20a-231. 

rESNER,  ABRAHAM.     Physician,  geologist,  and  chemist. 
Bom  in  Comwallis,  Nova  Scotia,  May  2,  1797;  died  in  Halifax,  Nova  Scotia,  April 
9, 1864.     In  1838,  appointed  provincial  geologist  of  New  Brunswick.    Aside  from  his 
eological  work,  he  achieved  jlintinction  as  inventor  of  methotl  for  manufacture  of 
ilumini^ting  oil  from  <'oal  and  other  bituminous  substances. 

BiogT.  O.  W.  Gesner.    Bull.  XIV,  Natl.  Hist.  Soo.  of  New  Bruiwwlck,  18%. 
ilBBS,  GeOROE. 

Bom  in  Newport,  R.  I.,  January  7,  1776;  died  in  Sunswick,  near  Halletts  Cove 
now  New  York  City),  L.  I.,  August  6, 1833.  First  vice-president  of  American  (Jeo- 
dgical  Society,  founded  in  1819;  owner  of  one  of  the.  finest  mineralogical  cabinets  of 
he  time. 

iiBBs,  George.  Lawyer  and  geologist.  Son  of  Col.  George  Gibl)s. 
Bom  in  Sunswick,  near  Halletts  Cove  (now  New  York  City),  L.  I.,  July  17, 1815; 
lied  in  New  Haven,  Conn.,  April  9, 1873.  Graduated  innn  Harvard  University  and 
ntered  upon  the  practice  of  law.  In  1848,  accompanied  military  expe<lition  to  the 
ar  West,  and  settled  at  Columbia,  Greg.  Geologist  to  survey  of  railroad  route  to 
*at!ific;  in  1857,  apix)inte<l  on  northwest  boundary  survey,  submitting  report  on 
eolcjgy  and  natural  history  of  the  (^mntry.  Secretary  of  Hudwm  Bay  Claims 
k)mmi8Bion;  for  some  time  l>efore  his  death  connected  with  Smithsonian  Institution 
ipon  ethnological  and  philological  work. 

BiogT.  J.  A.  Stevens.    Ann.  Rept.  Smith.  Inst,  for  1873,  pp.  219-225. 

71BSON,  John  Ba.nnihtek.     Jurist. 

Born  in  Carlisle,  Pa.,  Xoveml>er  8,  1780;  die<l  in  Philadelphia,  Pa.,  May  3,  1853. 
graduated  from  Dickinson  College  in  1798  and  admitteil  to  the  bar  u\  IW^'i.    WwAfe 
►ii  the  trap  rocks  of  the  Tonewago  Hills. 


KKT'ORT    OF'    NATrOSAL   MU.SKUM,   lOW. 

GiLtinrr,  fInnVK  Kaui-    (ioologuL 

Bum  In  Rochnlfir,  N.  Y,.  May  0,  1»43.    GndaaUd  frum  Univereiiy  of  Ro<-b«eter, 
lUeS.     AMinUnt  in  Ward  Mumitm,  Rocheeter,  1863-186S;  geolt^tst  un  Ohio  mrmy, 
lHrt»-l«r«;  nn  Wheeler  survey,   1871-1874;   Powell  wirvey,  1875-1879;  goolc^iat  on 
U.  H.  Ueoloipcal  Survey  tance  187(1. 
nRHRN.  Jmsib.    (toni'lioloKiHt  and  paleontolo^t. 

Bom  in  l-bilaaelpliia.  Pa..  Jnly  26, 1790:  dioi  Ihere  February  1, 1841.  Ciradiutnl 
from  Univurnty  of  PeunHyivanU  in  180(t;  profesaor  of  cbemiatry  and  nsUiisI  history 
In  IMnuetoii,  1818-1622:  proteeeor  of  checniHtrj-  in  Jetfemm  Medii'ail  Collie,  Phila- 
■li^lphift,  until  hi«  di-atii.     Wrot«  on  cheniifitry,  paleontoloRy,  ami  botany. 

BlwT.  Win.  H.  Dull,    ftomi  Amet.  CnnchnlnKiiu.  I'nK,  Biulntt.  Bnc.  Wottin..  [V.,  l88G-tH.  p.  lOi. 
(iRINHKl.1.,  (JKOlMtlt  BlltU. 

Bom  in   Bnwklyn,  N.  Y.,  September  20,   18*9.     GradnaUxi  from  Yale  in  1870. 
Awistant  lu  i)Mb.'ol>]f[y  in  l>i!al)(Hly  Hiueum,  Yale,  1874-1880. 
HAtiMit,  Ai.HEKT  David.    Geologist. 

Boni  In  Chewier,  Vt.,  Novemlter  1,  1817;  died  in  Chii»go,  Dl.,  July  29,  1883. 
In  ieSA-lW7,  aMiHtant  State  naturalist  of  Vermont.  In  18.57-1861,  aadBtant  Stmt* 
^^lofTiiit.  In  1B63-18T0,  titnte  (reolo^nl  nnd  riirator  of  the  State  mbinet  of  natural 
hixtftry.  In  1870-1873,  State  Kt-ologist  of  Mi!«ouri.  In  1877-1888,  librarian  Chitvigo 
Hirtorlc*!  Society. 
H^tivK,  Akhold.    (Eeologifit. 

Bom  in  BoBtnn,  Mm*.,  DeremberS,  1840.  nraduatcKl  from  Yale,  1963;  studied  »l 
univeraltlw  of  (Jijltlugeii  and  Heidelben!  and  Freiben?  B"hoot  of  Miues.  18B3-18«7. 
Gftologist  (in  Fortiiith  Parallel  Survey,  18(17-1877.  Government  i(eolofnst<>(  Cnialo- 
mala,  1877-78;  eDga^  in  examining  mines  in  nortliem  China,  1878-79;  mnce  1S71I 
■  in(?mii«r  of  U.  H,  Ciuologiml  Survey. 
Hagur,  James  Dunoan.    Mining  engineer. 

Born  in  Boston,  Mam.,  February  26,  18.')6.     F^lucated  at  HarvArd  and  Gottingen, 
rjeniiany,  and  Royal  School  of  MineH,  Freiberg,  SaJtooy.     Exploring  in  South  Seas, 
I86fl-1861 ;  manager  of  copper  mines  at  Lake  Superior,  1863-1866;  geologist  on  V.  S. 
Geologiial  Survey  fortieth  parallel,  1867-1870. 
Haloeman,  Samiiei.  STBnHAN.    Naturalist. 

Born  in  LncuHt  lirove,  Pn.,  August  12,  1812;  tiled  in  Ohi<^kies,  Pa.,  September  10, 
1880.  AKslKtAnt  to  H.  D.  Rogers  in  gcolo^cal  xurvey  of  New  Jersey  in  1836;  astron- 
omer on  survey  of  Pennsylvania,  1837-38.  In  1851-1855,  professor  of  natural  hintory 
in  University  of  Pennsylvania;  in  IB.'iS,  became  professor  o(  natural  history  in  Dela- 
ware Collegt%  Dover,  Del.;  in  1869-1880,  professor  of  comparative  philolog>'  in 
tlnivereity  of  Pennsylvania.  A  very  versatile  man  and  author  of  some  thirty  works 
on  philology  and  <ine  hundred  iinil  twenty  on  various  natural  seieuce  subjects. 

Bloffr.  J.  I',  U'Bli'y.    NhI.  Ami).  Si-l..  Blng.  Upmn.,  [I.  IHW. 

Will.  II.  I>r1I.    Woiiir  AiniT.  rtincholc«i«u>,  I'roo.  BInlng.  aw,  Wmhn.,  IV.  1S86-S8.  pp.  III-IIJ, 
IIau.,  Jahkh.     Paleontnloglst. 

ilorn  in  ilingliHin,  Miuw.,  Sopt^mb<>r  12.  1811;  died  in  F^^ho  Hill,  Bethlehem, 
N,  II.,  AuguHt  7,  181I8,  Studied  umier  F.aton  at  Rensselaer  Institute,  Troy,  where 
he  wax  NnliHHinentty  assistiint  pntfessor,  Connecle<l  with  geological  survey  of  Ne«  ' 
York— first  as  assistant  to  Kninions;  took  charge  of  fourth  district;  after  1843,  had 
c)iHr);i'  of  I'ntire  slirvey,  in  wliicli  lie  continued  until  his  death,  sometimes  carryin); 
on  work  at  his  own  exjiense.  Besides  the  New  York  report!'  he  contributeii  to  Fos- 
ter nnd  Wliltney's  Rpixirt  on  the  I.ake  Superior  Region,  the  Meximn  Boundary 
Rejtort,  etc.  At  one  time  Statv  Keoh^isl  of  Iowa,  and  afterwards  of  Wisconsin.  In 
conjunction  with  H.  I*.  Whitfield  he  published  important  memoirs  on  paleontology 
of  (Jbio,  Kentucky,  and  the  Fortieth  Parallel. 

/»ivr.JolinJ,S[ev>'iii<.m.    B«U.  U-c.l.Si*.ul  Xmert«.,X.\»«s,w-«*^EA. 
«.1>I.  M»g..  Dr.-.  IV.  V,  IBW*.  1>.  «l. 
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ALL,  James.    Clergyman. 

Bom  in  Carlisle,  Pa.,  August  22,  1744;  die<l  in  Bethany,  N.  C,  July  25,  1826. 
Inated  from  Princeton  University  in  1774.  Maintained  at  his  home  in  North 
»lina  an  ''academy  of  sciences,"  in  which  he  was  the  only  teacher. 

[ablan,  Richard.     Physician  and  paleontologist. 

Bom  in  Philadelphia,  Pa.,  Septemlwr  19,  1796;  died  in  New  Orleans,  La.,  Sep- 
Lber30,  1843. 

Lewis  (Lndwig  Hafner). 
Of  Hamburg,  Germany.     In  1855-1857,  professor  of  geolog>'  and  agriculture  and 
geologist  of  Mississippi. 

Charles  Frederick.    Geologist. 

Bom  in  Fredericton,  New  Brunswick,  August  23, 1840;  died  in  Rio  Janeiro,  Brazil, 

;h  18,  1878.    In  1864,  connecte<l  with  geological  survey  of  New  Brunswick.     In 

1865-1866,  geologist  on  the  Thayer  Expedition  to  Brazil.    In  1868,  appointed  professor 

L<rf  natural  history  in  Vassar  College,  but  resigned  shortly  to  accept  chair  of  geology 

in  Cornell  University,  which  he  held  until  time  of  his  death.     In  1875,  appointed 

diief  of  the  geological  commission  of  Brazil. 

Bio^.  G.  F.  Matthew.    Bull.  Nat.  Hint.  Soc.  of  N.  B.,  IX,  1890,  pp.  1-24. 

Hawn,  Frederick.    Civil  engineer. 
Bom  in  Herkimer  County,  N.  Y.,  January  5,  1810;  died  in  Leavenworth,  Kans., 

January  31, 1898.     About  1851  appointed  by  Swallow  assistant  on  Missouri  geological 
k  survey,  and  gave  particular  attention  to  study  of  the  coal  regions.     Is  best  known  in 

connection  with  the  discovery  of  the  Permian  formation  in  Kansas. 
m         BiogT.  G.  C.  Broadhead.    Am.  Geol..  XXI,  1896,  pp.  267-09. 

I  Hat,  Robert.    Geologist. 

}  Bom  of  Scottish  ancestors,  May,  1835,  in  Lancashire,  England;  died  in  Junction 
[  City,  Kans.,  December  14, 1895.  Came  to  Americ^a  in  1871,  and  for  ten  years  taught 
in  the  public  schools.  In  1881  appointed  State  geologist  of  Kansas.  In  1890  geolo- 
gist in  charge  of  the  artesian  investigation  of  the  Great  Plains  under  Department  of 
Agricnltare.  During  last  five  years  of  his  life  connected  with  U.  S.  (TtH)logieAl  Survey 
in  special  work  on  underground  waters  of  Kansas.  Ilis  papers  were  about  thirty, 
principally  upon  geology. 

Biogr.  Robt.  T.  Hill.    Bull.  Geol.  Soc.  Amer.,  VIII.  1896,  pp.  370-74. 

Hatden,  Ferdinand  Vandiveer.    Geologist. 

Bom  in  Westfield,  Mass.,  Septemljer  7,  1829;  diwl  in  Philadelphia,  Pa.,  December 
22, 1887.  Graduated  from  Oberlin  College  in  1850.  Assistant  to  James  Hall  in  1853; 
engaged  in  independent  geological  work  in  the  West,  1854-1856.  Geologist  to  the 
Warren  Expedition  to  the  Yellowstone  region  in  1856  and  to  the  Black  Hills  in  1S57. 
In  1858,  with  Meek,  engaged  in  explorations  in  Kansas.  In  1859,  appointed  surgeim 
%nd  naturalist  to  exploring  party  under  Capt.  W.  F.  Raynolds  about  the  headwaters 
of  the  Missouri.  In  1865-1872,  professor  of  geology  and  mineralogy  in  University 
of  Pennsylvania.  In  1869,  apj>ointed  United  States  geologist  in  charge  of  survey  of 
Nebraska,  and  in  1868  to  similar  ix)siti()n  in  Wyoming.  In  1 8(59-1 879,  Director  U.  S. 
(Geological  and  Geographical  Surveys,  and  from  1 880-1 88(),  geologist  on  Unite<l  States 
geological  surveys  under  J.  W.  Powell. 

BiogT.  C.  A.  White.    Mem.  Nat.  Acad.  Soi..  Novcmlwr,  18W. 

Hatden,  Horace  H. 

Bom  in  Windsor,  Conn.,  October  13,  1768;  dieil  in  Baltimore,  Md.,  January  26, 
1844.    Trained  for  profession  of  architect,  and  sul)sequently  became  practicing  den- 
tist.    His  chief  claims  to  geological  recognition  lies  in  his  authorship  of  geological 
published  in  1820  and  two  i)apers  on  local  g(»ology. 
Biogr.  Amer.  Journal  Dental  Sciences,  IV,  No.  4,  1&44. 


1835.  Educated  id  Germany,  Tetamuig  to  America  id  1S65.  Id  ISS^Iffifi, 
to  B.  L.  C.  Wailce  on  State  (leological  nin-ey  uf  MUneeippL  In  185&-1857, 
of  the  SmithflonUn  Inatitotion  and  lecturer  on  chemistry  in  National  Med 
lege.  In  1S58-1860,  State  geoloKi^  of  Mininippi.  In  18^-1873,  profeoBor 
istry  at  Univeraily  of  Jliaaisippi.  In  1873-1875,  profcwor  of  geology  ami 
history,  Univeraity  of  Michigan.  Since  1875,  profeaeor  of  agricultaial  cbei 
Univenity  of  California. 

Bli«T.  Nal.  Cyck).  Amer.  Bice..  X,  p.  908. 

Hind,  Hekrv  Yoi'le.    Chemist  and  geologist 

Bom  in  Nottit^ham,  England,  June,  1823.  Educated  at  Leipiig  and  Oh 
Came  to  America  in  1816  nnd  the  following  year  settled  in  ran«.l»  In  ISfil 
profewor  of  chemiatry  and  geology  in  Trinity  College,  Toronto.  Id  1857,  gtt 
Red  River  Exploring  Expedition.  In  1858,  in  chaige  of  exploisdon  of 
between  Bed  River  and  Saskatchewan.  In  1861,  made  explorations  in  I 
and  in  1864,  appointed  director  of  geological  survey  of  New  Brunswick, 
of  chemistry  and  natural  hintory  in  Kings  College,  Nova  Scotia. 
Hitchcock,  Chahlbb  Hksrv.    Geologist. 

Bom  in  Amheret,  Maaa.,  August  23, 1836.  Gisdnated  from  Amherst  Colb 
AsnlHtant  Stale  geologist  of  Vermont,  1857-1861;  State  geologist  of  Maine,  II 
Htaie  gtologint  of  New  llampehire,  1868-1878.  In  1866,  elected  profenorofg 
I^fayette  College.  Sini'e  1868,  profeAor  of  geology  in  Dartmouth  College. 
HiTCHixM'K,  Euw.iRU.     Geologist,  clergyman,  and  educator. 

Bom  in  Deerfield,  MaHe.,  May  23,  1793;  died  in  Amherst,  Man.,  Febi 
1864.  Etlucaled  as  a  cleryyman  and  settled  over  a  Congregational  Churcl 
way,  Maie..  from  1821-1825.  In  1825-1845,  professor  of  chemistry  and  naton 
at  Amherst  Colle>^;  in  184.5-1855,  president  of  Amherst  College;  in  1855-1 
lessor  of  geology  in  Amherst  College.  In  IKIO-IS-IS  and  1841-18^,  Statege 
Hassaohusetts;  in  1K57-I8tl0,  Slate  geologist  ofVemiont.  Is  beet  remember 
work  on  the  drift  and  the  foeni  footprints  of  the  Bandetonea  of  the  Connectict 

BiciKr.  <:  II-  Kllt-tiouik.    Am.  li^.l.  XVI.  IWO,  \.\>.  133-HS, 
l'i,[,,  Mil.  M..iilhly,  Xl.VlJ.  s,.|,t.,  l-ii.-.,  [■[,.  i>»-6!H>. 
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872-1880;  geologist  on  United  States  survey  under  Powell,  18H0-1889.  Curator, 
J.  8.  National  Museum,  1882-1893;  archaeologist  in  explorations  of  U.  R.  Bureau 
Sthnology>  1889-1893;  curator  anthropology.  Field  Columbian  Museum,  1894-1898; 
lead  curator  of  anthropology,  IT.  S.  National  Museum,  1898-1904;  Director,  Bureau 
if  Amerii«n  Ethnology,  since  1905. 

iouoHTON,  DoroLAHs.     Explorer  and  geologist. 

Bom  at  Fredonia,  N.Y.,  September  21,  1809;  drowned  near  mouth  of  Eagle  River, 

^ke  Superior,  October  13,  1845.     Assistant  to  Eaton  in  natural  sciences  at  the 

iensaelaer  Polytechnic  Institute,  1828.     Admitted  to  practice  of  medicine  in  1831. 

kiri^eon  and  botanist  to  the  Schoolcraft  Exploring  Expedition  to  the  source  of  the 

tfisBiflBippi  River;  State  geologist  of  Michigan,  1837-1845. 

Blogr.  Alvah  BradiMh.    Mem.  of  Dougliu  HuuKhton,  Detroit,  18tt9. 
Alex.  Wiuchell.    Am.  Geol.,  IV.  Sept.,  1899,  pp.  129-139. 
Am.  Jour.  Sei.,  V,  IMS,  pp.  217-227. 

EIowELL,  Edwin  Eugene. 

Bora  in  Genesee  County,  N.  Y.,  March  12,  1845.  In  1872-1873,  geologist  with 
Wheeler  survey  west  of  one-hundredth  meridian.  In  1874,  connected  with  the 
Powell  survey  of  Rocky  Mountain  region. 

EiUBBAKD,  BeLA. 

Born  in  Hamilton,  Madison  County,  N.  Y.,  April  23,  1814;  die<lin  Detroit,  Mich., 
fane  13,  1896.     Graduated  from  Hamilton  College  in  1834.     Removed  to  Detroit, 
Mich.,  in  1835.     Assistant  State  geologist  of  Michigan,  1838-1841. 
Biofrr.  Mag.  of  Western  History,  IV,  1886. 

Hubbard,  Oliver  Pavson.     Chemist. 

Born  in  Pomfret,  Conn.,  March  31,  1809;  died  in  New  York  City,  March  9,  1900. 
/Assistant  to  B.  Silliman  in  chemistry  at  Yale,  1831-1836.     In  1836-1866,  professor  of 
:?hemifltry,  mineralogy,  and  geology  in  Darmouth  College,  Hanover,  N.  H.     Lecturer 
>n  chemistry  and  pharma<*y  at  name  institution,  1866-1883. 
Blogr.  E.  O.  Hovey.    Am.  Gettl.,  June.  IWO,  p.  360. 

Hunt,  Thomas  Sterry.'    Chemist. 

Born  in  Norwich,  Conn.,  September  5,  1826;  die<l  in  New  York  City,  February  12, 
1892.  In  1846-47,  chemist  to  the  geological  survey  of  Vermont  under  C.  B.  Adams, 
[n  1847-1872,  chemist  and  mineralogist  to  the  geological  survey  of  Canada.  In  1856- 
1862,  lecturer  on  chemical  geology  in  Laval  University  of  Quel>ec;  subsequently  pro- 
fessor of  chemistry  and  mineralogy  in  McGill  University,  Montreal.  In  1872-1878, 
professor  of  geolog}'  in  Massachusetts  Institute  of  Technology. 

-     Biogr.  Persifor  Frazer.    Am.  (iool.,  XT,  1893.  pp.  1-13. 
Canadian  Record  of  ."^'ience,  V,  lKtf2-93.  pp.  145-149. 

Hyatt,  Alphbus.    Biologist  and  paleontologist. 

Bom  in  Washington  City,  April  5,  181^8;  died  in  Cambridgi»,  Mass.,  January  15, 

1902.     In  1867,  curator  in  P>k'X  Institute,  iSalem,  Mass.     In  1871,  elected  custodian 

3f  the  Boston  Society  of  Natural  History,  and  in  1881,  curator;  professor  zoology  and 

paleontology  in  the  Massachusetts  Institute  of  Te<»hnology. 

Biofcr.  R.  S.  Tarr.    Pop.  Si-i.  Monthly.  Dec..  18K5.  pp.  261-267. 
W.  O.  Crosby.    Bull.  Geol.  S<k'.  Amer..  XVI,  1903. 

[rving,  Roland  Dubr.     Geologist. 

Bom  in  New  York,  April  29,  1847;  diinl  in  Madison,  Wis.,  May  30,  1888.  Began 
ictive  life  as  superintendent  of  smelting  works  at  Greenville,  N.  J.  Assistant  on 
State  geological  survey  of  Ohio.  In  1870-1888,  profeHW)r  of  geology,  mineralogy,  and 
metallurgy  in  University  of  Wisconsin.  In  187Ji-1879,  assistant  geologist  on  geologi- 
cal survey  of  Wisconsin.  In  1880-1888,  connet'ted  with  U.  S.  (ieological  .Survey, 
working  in  Lake  Superior  n^gion. 

Biofrr.  T.  C.  Chamberlin.    Am.  Geol.,  III.  1889,  pp.  1-6. 
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(,  CiiANLiH  Tmi)i»ji,  (iifiiliieisl  nnil  t^licniixt. 
Bom  in  PIvtuniiCli.  Miwa.,  Janv  :!l,  im^;  <)M  in  Honiunilli!,  Mhci,  Aiffl 
18H0.  Edncalol  aa  phygidan,  but  earl)'  tihowMl  inclination  towaril  peoloc'^'^ 
In  1M37-S8,  made  pnlogical  (<xpli>mUon»  in  NovA  l^-otia  iu  coni]NUif  witb  R 
Al!|»r.  In  1)437-1839,  State  geolo^pEit  of  Maine.  In  1KI»-10,  Stale  geologiA  at  B 
Island.  In  183e~l»43,  State  guolo^  of  New  Haiiiiwhire.  In  lM7,appoiDi«l  aT 
SIal«8  pw'i'tn'^  Jo  invBitigali^  mineral  land  ri[  lake  Superior  region.  Appoints 
of  the  State  K^iln^^iste  of  New  York,  but  (Inclined. 

Bloer,  1.  B.  WoDdoorth.    Am.  Uoul.,  XX,  VfSn,  pp.  K>-UO. 
DWis.     Phyaii-ian. 

Bom  in  Weyliriilge,  Vt.,  AnpiBt  2T.  1797;  died  near  Biiriington.  III..  n<Ml 
IIWl.     Iu  1S20,  attached  in  (Opacity  uf  bolaniet  and  geologist  to  Luug'H  of 
.•xpedttiou  to  muiw«  of  St.  Peiere  River 
t.  !iri..  XXXIII.  imz  p.  tan. 
Jahh«,  Uri.111  PiEHBOK.    PaleoQtologiDt 

Bom  in  Go6h«n,  Orange  County.  N.  Y..  DeceniUr  30,  IMll;  diwi  ni«r  LotI 
Ohio,  Februarj"  25,  1889.  Bcxan  life  aa  printer  and  atiTeoljpcr  an.!  hAk 
iiGcame  publisher,  iii  which  profession  be  contiuini)  till  \\w  time  of  hia  dc«tk 
work,  almost  wholly  paleoDtological,  was  done  during  spare  inomcnte. 

Biogr.  Amcrlcui  Geo]>«isI,  IU.  No.  h,  ISW.  pp.  ■Bti-X^, 
JuH.seoN,  Walter  Rookkk.     Chemist. 

Born  in  Leominster,  Mass.,  June  21, 17W;  died  in  Washington  City.AprilSS, 
'  I  teacher.  In  lS.3fl-37,  made  a  survey  of  coal  and  iron  formati 
X'^aasyivaaia.  la  ISSU-iHi^  pmi/^asoroS  i-Vytaiti  an\^  itUi'miaUy ,  Univeniil}' «i 
■ylvrntda.  lBlS43-44,OoT««meotezpertoiiralativeT«]tMaf ooala.  InlStG^d 
at  Bmithsonian  InetitutioD.  Pounder  of  Amerioui  AsBodatioa  of  NatonliB 
Geologiete. 

Blogr,  Limb'B  Blogr.  Dtei.  of  V.  S. 

Keatincj.  William  IIvpOLm-s.    Chemist. 

Born  in  Wilmington,  Del.,  August  II,  1799;  died  in  London,  England,  M 
1840.  In  1822-1828,  professor  of  chemistry  in  Unii'ersity  of  Pennsylvania,  i 
1823,  8<TOmpanied  Maj.  S.  H.  Long  in  expedition  to  sources  of  the  St  Petere 

Btogr.  Umb-s  Biogr.  Diet,  of  V.B. 
Kkrr,  Wabhimiton  Caruthers.     (icologiHt. 

Bom  In  the  Alamance  region  of  Oiiilfonl  County,  N.  C,  May  24,  1827;  d 
Aaheville,  N.  C,  August  !),  1885.  At  one  lime  professor  in  Marshall  Tniv 
Texas,  resigning  in  1852  lo  l)ecome  a  computer  in  the  office  of  the  Nautical  All 
In  18-57-1885,  professor  in  Davidson  College,  North  Carolina.  In  1866-1882 
geologist  of  North  ('aroiina.     In  1882-83,  connected  with  theU.  S.  (leologicalS 

Bluer.  J,  A,  HDtmos.  Jonm.  Elishn  Mitchell  Scientific  i<oc.,  Pnit  II.  1887.  pp.  1-24. 

KiNd,  Ci.ARENCi!.    Geologist. 

Born  in  Newjiort,  R.  I.,  January  6,  1842;  died  in  Phicnix,  Arii.,  Deceml 
lUOl.  linuluateil  at  Sheffield  SdentiHc  School  in  1862.  In  1863,  made  a  hor 
jouniey  across  the  continent,  and  for  three  years  was  volunteer  asBistant  li 
J.  I).  Whitney  on  the  geological  survey  of  California.  During  1865-66,  mi 
exploration  of  the  desert  regions  of  soutliern  California  and  Arizona  aa  scienti 
lo  General  McDowell.  In  1866-67,  organizeil  the  lieological  Survey  of  the  40t 
allei  and  was  appointeii  director.  From  lS7i>  until  1881,  directorof  the  newly 
ized  tJ. .''.  (ieologieal  Survey. 

Biogr.  S,  F.  EmiDOnB,  Am.  Jour,  Scl.,  M«rf!i.  IWJ.  [>p.  ili-sn. 

S.  F.  Kmmons.  Eng.  wid  Utn.  Joui..  Dec.  28, 1901,  p.  Mi;  Jhd.  4.  IXTi.  pp.  1,  3. 
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King,  Fbanklin  Hiram. 

Born  in  Whitewater,  Wis.,  June  8,  1848.  Grail oated  from  State  Normal  Si'hool, 
Whitewater,  in  1872.  On  Wisconsin  geolo^cal  8ur>'ey,  187.^1876;  professor  of  nat- 
nral  sciences,  River  Falls  State  Normal  School,  1878-1888;  since  1888,  professor  of 
agricultural  physics  at  University  of  Wisconsin. 

KiTCHELL,  William.     Geologist. 

Bom  in  East  Matlison,  N.  J.,  April  21, 1827;  died,  December  29, 1861.  Studied  medi- 
cine, but  did  not  engage  in  its  practice.  Taught  natural  sciences  in  Newark  Institute, 
and,  about  1850,  went  to  Europe  and  studied  in  the  Mining  School  at  Freiberg, 
Germany.     In  1854-1856,  State  geologist  of  New  Jersey. 

Lapham,  Incrkasb  Allen.     Naturalist. 

Bom  in  Pahnyra,  N.  Y.,  March  7,  1811;  died  near  Oconomowoc,  Wis.,  September, 
1876.  An  all-round  scientist  and  educator;  author  of  many  papers  on  l)otany,  clima- 
tology, archaeology,  cartography,  and  geology.  Chief  geologist  of  Wisconsin,  187iJ- 
1876. 

Blogr.  N.  H.  Winchcll,  American  Geologist.  XIII,  1894.  pp.  1-38. 

Lea,  Isaac.    Conchologist  and  mineralogist. 

Bom  in  Wilmington,  Del.,  March  4,  1792;  died  in  Philadelphia,  Pa.,  December 
8,  1886.  Trained  to  mercantile  life  in  Philadelphia,  retiring  from  business  in  1851. 
Was  an  authority  on  the  Unionidte,  of  which  he  made  a  very  large  (X)llection,  subse- 
quently willed,  together  with  his  large  and  valuable  collection  of  minerals  and  gems, 
to  the  Smithsonian  Institution,  in  Washington. 

Biogr.  Pop.  Science  Monthly,  July,  1884,  pp.  401-411. 

Wm.  H.  Dall,  Some  American  Conchologists.    Proc.  Biol.  8oc.  Washington,  IV,  1886-88,  pp.  118-120. 

Le  Conte,  John  Lawrence.     Naturalist. 

Bom  in  New  York,  May  3,  1825;  died  in  Philadelphia,  Pa.,  November  15,  1883. 
His  work  was  mainly  in  entomology. 

Lb  Conte,  Joseph.     Physician  and  naturalist. 

Bom  on  Woodmanston  plantation,  Lil)erty  County,  Ga.,  February  26,  1823;  died 
in  Yosemite,  Cal.,  July  6, 1901.  Of  Huguenot  .and  Puritan  ancestry.  In  1845,  gradu- 
ated from  College  of  Physicians  and  Surgeons  in  New  York  and  became  practicing 
physician  in  Georgia.  In  1850,  studied  at  Cambridge  under  Agassiz;  in  1852,  profes- 
sor of  science  at  Oglethorpe  University,  Midway,  Ga. ;  in  1853-1856,  i)rofeesor  of 
natural  history  at  University  of  Georgia,  Athens,  Ga. ;  in  1857-1868,  professor  of 
chemistry  and  geology  at  South  Carolina  College,  Columbia;  in  1869,  called  to  Uni- 
versity of  California  to  fill  chair  of  botany,  zoology,  and  geology,  remaining  there 
until  his  death.  A  voluminous  writer  on  geology  and  kindred  subjects. 
BioRT.  8.  B.  Christy,  Trans.  Amer.  Inst.  Min.  Engs.,  XXXJ,  1902,  pp.  766-793. 

Leidy,  Josepk.     Vertebrate  paleontologist. 

Born  in  Philadelphia,  Pa.,  Septemlx^r  9,  1823;  died  in  Philadelphia,  Pa.,  August 
30,  1891.  Educated  as  a  physician,  and  in  1844,  assistant  in  chemical  lal)oratory  of 
Doctors  Hare  and  J.  B.  Rogers.  In  1846,  demonstrator  of  anatomy  in  fhe  Franklin 
Medical  College.  In  1852,  substituted  for  Doctor  Horner  as  professor  of  anatomy  in 
the  University  of  Pennsylvania,  and  in  1853,  on  the  death  of  Doctor  Horner,  elected 
to  full  professorship.  In  1871,  appointe<l  professor  of  natural  history  in  Swarthmore 
College.  Was  one  of  the  first  Americans  to  take  up  the  study  of  vertebrate  fossils, 
and  was  prominently  identified  with  the  early  Hayden  and  other  western  geological 
and  geographical  surveys. 

Biogr.  E.  J.  Nolan,  Pop.  Sci.  Monthly,  XVII,  Sept.  1880,  pp.  6W-91. 

Lesley,  J.  Peter.     Toi>ographer  and  geologist. 

Bom  in  Philadelphia,  September  17,  1819,  of  Scotch  extratrtion;  died  in  Milton, 
Mass.,  June  1,  1903..  In  1839-1841,  assistant  on  the  State  survey  of  Pennsylvania 
under  H.  D.  Rogers^  mainly  in  the  capacity  oi  topo^rapYv^T.    \yv.  V^Aa  ^\5fc<j».\\?^^\»s^yj«t 
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of  ft€hM|gr^giltiollalC9lludlmlfiltol^  lf«^    Thii  ba  kwp  fm^bimwI,  «ad  th— i»| 
dsvotedhiiiiflelltofleieaoe.    Wm  United  fltateicnimniirfftiMirfrttii^ 
in  1807.    In  1872,  profewor  of  geologj  and  deni  of  hcMj  In  aciartiflc  <liiiirtiiMl  «i 
flM  Unifority  of  BennqrltPtnia.    In  1874|  diM  ffBoii#^  of  tiie  WBCMd  fBoioiM 
flnrvey  of  Beniufy  WaniA. 

BkCi;  Fio^fleLlfootlily,8t|ii.]»ikPPw 
Ban.  CI«oL  floe.  Amet.,  XT.  UOI,  pw  IWl 
Pwtfor  ftaawrln  Amarifltn  Oewlintit,  mXU,  lte>  I^MW^  ppL  IKML 

LaciDHaRTZy  Lao.    Bifftenint;  and  pnlfinlwiltlifc 

Bcffnin  Fleorier,  Neodwid,  Bwitseriuid,  Nofvmbv  1%  1808;  diod  inOQiaml»^ 
<»iio,  Odober  2&,  1889.  Oune  to  America  In  1848  and  worlsed  Aral  at  BobIqii  w^ 
AgMrisandflobaeqQenUywitiiSollivantinCMnm^  SerfodaapaleobQlHidi 

on  gB(rfogieal  florvqra  of  Fain83rlvanla»  Otao^  IlliiKii%  KientodEj,  and  AikaaaM;  id» 
In  a  flhnflar  eapacitj  on  the  IT.  8.  Geokglcal  Snrvef  under  F.  Y*  Hayden. 

aiotr.  MwMid  Oitoii,  ▲BMtoBB  OeolagliC,  V,  1811^  fpu  SM-M^ 

Ii.  IL  MOCMw  in  Bop.  8oL  Moathlj,  XXX,  J«t;  1887,  pvu  «^^  ZZSnr^ 

LoBBiy  Ok:ax  MomooMunr.    Geokgiat 

Bom  in  Boaton,  Mmb.,  September  18^  1880;  died  In  Bldmoiid,  Ya.»  JoBB87,]BaL 
In  1880-61,  State  geologial  of  HlMflrippI;  in  1884^86^  State  geologk*  d  AUma; 
and  in  1858-1800,  State  geologial  of  SonOi  OuoUhl 
Biaa.  lABiVi  Biaa.  Diet  off  u.  a 

Lnmoi^  Gaonaa.  Geologiit. 

Botn  in  Toaoakxwa,  Aku,  Febnuury  11, 1888.  Gndoated  from  VfjdwanHtf  d  Akr 
Huna  in  1858;  profeeBor  natmal  aisienoea,  Oakland  Oolkfe^  Mlaiaripid,  1800-81; 
State  geologist  of  Mfflnarippl,  1808-1872;  proieaeorol  minenlogy  and  geokgjTt  Uni* 
fenity  of  Mlmiaripi^  1880-1874  and  1881^1880;  StetegeologliiofGeot8ii,1874-Wl; 
profeflBor  of  geology  and  agriculture,  Univeraily  of  Geoigia,  1878-1880. 

Litton,  Abram.    Chemist. 

Born  in  Dublin,  Ireland,  May  20, 1814;  died  in  St.  Louis,  Mo.,  September  23, 1901. 
Came  to  America  about  1817.  For  two  seasons  connected  with  geological  survey 
under  D.  D.  Owen,  and  reported  on'  lead  mines  of  southeast  Missouri  in  the  Second 
Annual  Report  of  the  State  Survey. 

Locke,  John. 

Bom  in  Lempster,  N.  H.,  February  19, 1792;  died  in  Cincinnati,  Ohio,  July  10, 1856. 
By  profession  a  physician  and  teacher.  In  1835-36,  professor  of  chemistry  in  the 
Medical  College  of  Ohio.  In  1837-1839,  assistant  to  W.  W.  Mather  on  the  State  geo- 
logical survey  of  Ohio.  In  1839-1844,  assistant  to  D.  D.  Owen  in  the  survey  of  the 
mineral  lands  of  the  United  States.  In  1847-48,  aid  to  Jackson  in  surveys  of  the 
mineral  lands  of  Michigan.  More  widely  known  for  his  magnetic  and  astronomical 
researches  than  as  a  geologist. 

BiogT.  N.  H.  Winchell,  American  Geologist,  XIV,  1894,  pp.  841-56. 

Logan,  William  Edmond.     Geologist. 

Born  in  Montreal,  Canada,  April  20,  1798;  died  in  Castle  Malgwyn,  Uechryd, 

South  Wales,  June  22, 1875.     Educated  in  Scotland  and  passed  his  early  manhood  in 

England  and  Wales,  but  returned  to  America  in  1840.     During  1842-1870,  director 

of  the  geological  survey  of  Canada.  . 

Biogr.  B.  J.  Harrington,  Life  of  Sir  Wm.  £.  Logan,  Montreal,  1888.    Also  QeoL  8oc,  London  and 
Canadian  Naturalist,  n.  ser.,  VIII,  No.  1, 1875, 

Macfarlane,  James.     lawyer. 

Born  in  Gettysburg,  Pa.,  September  2,  1819;  died  in  Towanda,  Pa.,  October  12, 
1 885.    Engineer  of  the  North  Branch  Canal ;  a  leading  member  of  the  bar  at  Towanda; 
a  successful  coal  operator  and  railway  builder.    Author  of  The  Coal  Regions  of 
America,  and  An  American  Geo\ogvca\  ■^\VN«t>j  ^vkvde. 

BiogT.  L  C.  WMte,  American  Qeo\og\B\.,  \ YL.  \\iS\,  w-  \«>AAa,    • 
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Maclure,  William. 

Bom  in  Ayr,  Scotland,  in  17ft3;  died  in  San  Angel,  Mexic*o,  March  23, 1840.    Came 

to  America  at  the  age  of  19  on  mercantile  bosiness  but  returned  almost  immediately 

to  London,  where,  as  partner  in  the  house  of  Miller,  Hart  <&  Co.,  he  remained  imtil 

1796,  accumulating  a  considerable  fortune.    In  the  last-named  year  he  again  came 

to  America  and,  it  is  said,  took  out  naturalization  papers.     He  was  a  liberal  patron 

of  science  and  for  twenty-two  years,  beginning  with  December,  1817,  was  president 

of  the  Philadelphia  Academy  of  Natural  Sciences,  to  which  institution  he  donated 

his  valuable  private  library  and  $25,000  in  money. 

Biogr.  S.  G.  Morton,  Mem.  of  Wm.  Maclure,  read  July  1, 1841,  and  published  by  direction  of 
Philadelphia  Academy  of  Sciences. 

Mabcou,  Jules.    Geologist. 

Bom  in  Salins,  Jura,  France,  April 20, 1824;  died  in  Cambridge,  Mass.,  April  17, 1898. 
Came  to  America  in  1847  and  was  associated  for  a  time  with  Louis  Agassiz.  In  1853 
entered  United  States  service  and  was  one  of  the  geologists  of  the  Pacific  Railroad 
Survey  of  the  thirty-fifth  parallel,  and  the  author  of  a  geological  map  of  the  United 
States.  In  1853  returned  to  Europe  and  was  professor  of  geology  in  the  Polytechnic 
School  of  Zurich  until  1859.  In  1860-1864,  in  charge  of  division  of  paleontology  of 
the  Museum  of  Comparative  Anatomy,  Cambridge. 

Marcy,  Oliver.     Educator. 

Bom  in  Coleraine,  Mass.,  February  13,  1820;  died  in  Evanston,  111.,  March  19, 
1899.  Instructor  in  mathematics  and  geology  at  Wilbraham,  Mass.,  for  sixteen  years 
prior  to  1862,  when  he  was  elected  professor  of  natural  sciences  in  Northwestern 
University,  at  Evanston,  111. 

Biog)'.  A.  R.  Crook,  American  Geologist,  XXIV,  1899,  pp.  67-72. 

Marsh,  Othniel  Charles.    Vertebrate  paleontologist. 

Bom  near  Lockport,  N.  Y.,  October  29,  1831;  died  in  New  Haven,  Conn.,  March 
18,  1899.  Professor  of  vertebrate  paleontology  in  Yale  Collie  from  1866  to  time  of 
death.  Vertebrate  paleontologist,  U.  S.  Geological  Survey,  1882-1899.  Honorary 
curator  vertebrate  paleontology,  U.  S.  National  Museum,  1894-1899.  Since  1870 
identified  with  explorations  in  the  West,  and  chiefly  instrumental  in  bringing  together 
the  large  and  valuable  collection  of  vertebrate  remains  now  in  the  National  Museum. 

Biogr.  C.  £.  Beecher.  Am.  Jour.  Sci.,  VII.  1899,  pp.  403-28. 

Marvine,  Archibald  Robertson.     Geologist. 

Bom  in  Auburn,  N.  Y.,  September  26,  1848;  died  m  Washington  City,  March  2, 
1876.  In  1870,  assistant  geologist  to  the  Santo  Domingo  expedition.  In  1871, 
astronomer,  and  afterwards  geologist  to  the  Wheeler  surveys  west  of  the  one  hundredth 
meridian.  In  1872,  with  Professor  Pumpelly  in  the  Keweenaw  copper  district  of 
Lake  Superior,  and  from  1873  until  his  death,  connected  with  the  U.  S.  Geographical 
and  Geological  Surveys  under  F.  V.  Hayden. 

Biogr.  Pop.  Sci.  Monthly,  IX,  1876,  p.  883. 

Biogr.  J.  W.  Powell.  Bull.  Philoe.  Soc.  WafihinKton,  II.    1874-1878.    Appendix  X,  p.  (53), 

G.  K.  Gilbert,  Am.  Jour.  Sci.,  XI,  1876,  p.  424. 

Mather,  William  Williams.     Geologist. 

Bom  in  Brooklyn,  N.  Y.,  May  24,  1804;  died  in  Columbus,  Ohio,  February  26, 
1859.  Trained  at  West  Point  Military  Academy.  In  1829-1835,  assistant  professor  in 
chemistry,  mineralogy,  and  geology  at  that  academy.  In  1833,  professor  of  geology 
at  Wesleyan  University,  Middletown,  Conn.  In  1835,  assistant  to  G.  W.  Featherston- 
haugh.  For  a  short  period  professor  of  chemistry,  mineralogy,  and  geology  in  the 
University  of  Louisiana.  In  1836-1846,  in  charge  geological  survey  first  district.  State 
of  New  York.  In  1837-1839,  State  geologist  of  Ohio,  and  made  geological  reconnais- 
sance of  Kentucky  in  1838-39.  In  1842-1850,  connected  with  the  Ohio  University  at 
Athens,  Ohio,  in  capacity  of  professor  of  natural  sciences,  or  vice-president  and  act- 
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.  ii^  pwddenfc    Adtog  proiwiiir  of  gaol<«y  «t  KwfaUa  OoBai^  !»«>    Apiedtmy 
cbendit  to  the  State  uid  wcntvr  ol  the  airta  bawd  of  i«iiciritara,  Ohk^  U8D-I8H 

aioti.  iMnb'i  DM.  ciamV.S, 
IbnK,  FnuMSa  BuDPcmii    IWnootola^U. 

Bore  tn  HwlisoB,  Ind.,  Deotmbw  10;  UlT;  died  In  Waridngkn  Oty,  DMmbcr 
SI.  1870.  *«WiTit  to  D.  D.  OwCB,  iDiTey*  of  Itnn,  WIkod^  and  HimiMota, 
1M8^.  Aawtut  to  Jamaa  HUl,  IBU-UGB.  AmodMbA  wtth  F.  V.  BirdeB  on 
ttn  WcBtem  Somyn  bcgfaiDii«  wMi  1868.  In  UH,  nmond  t»  WaridflilMi,  «*«« 
he  cootiiiDed  to  raeide  QntU  hie  rtf ih 

Btatr.  CL  A.  WUt^  Mmi.  Hat.  AetO.  BeL,  UM. 

HncRMLL,  &MBA.    NatntaUat 

Bom  in  'WtOOnglOB,  Caan,,  Angort  U>,  1798;  died  on  Biadt  Komitaiii,  S.  0, 
JiUM  87,1857.  PmfHBorot  matfaeaisllEi^  TTnhvdtr  oi  Itbrtfa  Chrolias,  UlSiutil 
hta  death,  wUcfa  waa  the  raaoK  of  an  aoddaot  irtdle  «xploriiig  what  ia  now  knowi 

.  .aaHonntUitdiell  in  North  Gandina.    He  ma  an  all-mind  nabualfat,  and fai 

tafedfarhiawofkgontbegeolegrandgeMnlBatnnl  hWo^  a<  the  Blato  and  At 
Ubont  HttoheU  locnUtlei  in  particDlar. 

Biott.  Jownali,  kUAa  Miubdl,  fld.  Soc^  I,  UH.  p.  1. 

(Mb  AmW.  faQm.  aoL  XXnr,  UB7,  p.  m. 

HiTCHiu,  SuniBL  Latham.    Matunllat 

Bom  in  Nmih  Hempatead.Loaglaland,  Angnst  2(i,  IT'H;  itieil  in  New  York  City ,  Sep- 
taniber7,1881.  Edacaledasaphjildan.  In  lT02>16Ul.profeBsorof  natunil  hi»bM^ 
dien^gby,  and  agrieoltan  in  OolomUa  College.  In  imi-1813,  wrved  in  Congrn^ 
In  1808-1880,  pnrfeoaiw  of  natnnl  aolance^  ill  Culleizeof  f'hfitidfinBandSarv<«'i!i>*nl 
latar  prafenor  at  matvia  medics  and  botuny  in  tlic  mme  iiiHtitiition.  An  extnmi^ 
venatUe  tad  gifted  man, and  one  of  the  loiiii(lt-r«  •>{  tliu  Sriiiely  for  tlie  Fromoliun nl 
AKTicQitnre,  MBnalactnre,  and  the  Uiefnl  Arte,  in  170S. 

BIdSI.  H.  L.  FaLn>hild.  HI<U>r>-  New  Y'.rk  Aud.  Bci.,  U87.  p.  ST. 
Morton.  Sahukl  CiEoiuitt.     ConL'holt^iHt  and  paleontologiit. 

Bom  in  Philadelphia,  I'a.,  January  26,  1799;  died  in  Philadelphia  May  15,  1861. 
Trained  for  mercantile  eare«r.  (.Graduated  at  University  of  Penneylvania  in  uiedidiK 
in  1820,  and  afterwards  studied  in  Europe.  Practiced  medicine  in  Philadelphia.  Hit 
synopeie  of  oi^«nic  remains  in  the  Cretaceone  formation  of  the  United  States  gave 
him  scientific  reputation.  In  IS39-lft43,  professor  of  anatoray  in  Pennsylvania  Medi- 
cal College.     President,  Philadelphia  Amdemy  National  Sciencee  in  1849. 

BidKT.  Wm.H.  D»ll.    Some  Amprieaii  ConchologlaU.     Proc.  Bio.  Sac.  of  WuUnstou.  IV,  l»M 

MuiNiB,  Bbnj.\min  Frankli.v.    Chemiet  and  geologist. 

Bom  in  Orrington,  .Me.,  Auguet  11,  1817;  died  in  Manhattan,  Kane.,  November 
21,  1879.  I-Mucated  as  a  lawyer.  During  1859-60,  employed  as  i;hemiet  in  oil  refin- 
eriefl.  In  lS&4,api>ointedStAte)ieot<>giRto[  Kansas.  In  1865-1873, profeeeorofnatunl 
history  in  the  Kansas  Agricultural  College. 

Bloer.  S.  W.  wnilston.     Amerinn  Gcolngixt.  XXIII.  No.  0, 1899.  pp.  3B^44&. 

Murray,  ALMAsnEK.     tieologist. 

Born  at  Dollerie  House,  Crieff,  in  Perthshire,  Scotlanil,  June  2,  1810;  died  there, 
December  16,  1884.  Came  to  Canada  in  1843  as  assistant  to  I«gaii  on  geological  wr- 
vey  of  Canada.  From  1864  to  1880,  engaged  in  making  geological  survey  of  Ne*- 
foundland.  ^ 

BloKT-  Robeil  Bell.    Canadian  Kecord  o(  Science,  V.  ie82-4,  pp.  77-M. 

MiTMaisit,  John  M. 

Bom  in  Cornwall,  England,  March  8,  1820;  died  in  Maxomanie,  Wis.,  Augiol  17' 
1886.  Was  superintendent  of  mine  in  Cornwall.  Came  to  America  and  settled  (t 
Mineral  Point,  Wis.,  about  l&tft-    ln\«l»)  T«va(kN«d.to  Macomanie,  Wis.,  wbenhe 
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engaged  in  mercantile  pursuits  in  1H05.     In  early  life  a  regularly  onlaine<l  preacher 
in  the  Protestant  Methodist  Churcth.     State  jreologiHt  of  \Vi8cont?in  in  1870. 

Biogr.  Mazomanie.  Win.,  ••Sickle."  Aiijc.  21,  18H6. 
Nsvi'BfiKRY,  John  8tron<i.     Stratigraphie  j^eologist  and  paleontologist. 

Born  in  Windsor,  Conn.,  December  22,  1822;  died  in  New  Haven,  Conn.,  l)ei!eml)er 
7, 1892.  Received  degree  of  M.  D.  from  Cleveland  Medical  School  in  1848.  Prac- 
ticed medicine  in  Cleveland,  1851-1854.  ( Jeologist  with  IJeutenant  Wilkinson's  i)arty 
in  Pacific  Railroad  survey,  1855;  with  Lieutenant  Ives  in  exi^loration  of  Colormio 
River  in  1857;  with  Captain  Ma(H)mb's  party  in  Mexico  in  ia59.  From  1866  to  the 
time  of  his  death  professor  of  geology  and  paleontology  in  Columbia  College,  New 
York  City.     In  186^1884,  State  geologist  of  Ohio. 

Biogr.  J.  J.  Stevenflon.    Am.  Geologist.  XII.  1893.  pp.  1-26. 
J.  F.  Kemp.    School  of  Mines  Quarterly.  1893. 
H.  L.  Falrchild.    Hist.  N.  Y.  Acad.  Sciences,  1887. 

Newton,  Henry.    Geologist. 

Bom  in  New  York,  August  12,  1845;  died  in  Black  Hills  of  Dakota,  August  5, 1877. 
Graduated  from  College  of  City  of  New  York  and  from  Columbia  College  (Scliool  of 
Mines).  In  1869-1876,  assistant  in  metallurgy  and  geology  at  Columbia.  Assistant 
geologist  of  Ohio  geological  survey  and  in  1876,  assistant  engineer  on  Black  Hills 
expedition.  In  1877,  was  appointe<l  professor  of  mineralogy  and  metallurgy  in  Ohio 
State  University,  but  did  not  live  to  fill  that  chair. 

NiLEH,  William  Habmon.     Geologist  and  educator. 

Bom  in  Northampton,  Mass.  Educatcnl  at  Harvard  and  Yale.  Professor  of  physical 
geology  and  geography  in  the  Massachusetts  Institute  of  Technology,  1871-1878; 
professor  of  geology  and  geography,  1878-1902. 

Norwood,  Josbph  Granville.     Physician  and  paleontologist. 

Bom  in  Woodford  County,  Ky.,  Detvmber  20, 1807;  died  in  Columbia,  Mo.,  May  6, 
1895.  Educated  as  a  physician.  In  1840-1843,  professor  of  surgery  in  Madison  Medical 
Institute,  Indiana.  In  1843-1847,  professor  of  medicine  in  the  St.  Louis  University. 
In  1847-1851,  assistant  geologist  with  D.  D.  Owen  on  the  surveys  of  Wisconsin,  Iowa, 
and  Minnesota.  In  1851-1858,  State  geologist  of  Illinois.  In  1858-1860,  assistant  geol- 
ogist  of  Missouri.  In  1860-1870,  professor  of  geology,  chemistry,  and  natural  S(uences 
in  University  of  Missouri.  Writings  on  geology  mainly  of  a  paleontological  nature. 
BiosT.  G.  C.  Broadhead.    Amer.  Geol.,  XVI,  No.  2,  Aug.,  1895,  p.  69. 

Olmsted,  Denison.    Educator. 

Bom  in  East  Hartford,  Conn.,  June  18,  1791:  dii^l  in  New  Haven  May  13,  1859. 

He  was  graduated  from  Yale  in  1813.     Tutor  there,  1815-1817.     In  1817,  appointed 

professor  of  chemistry  in  the  University  of  North  Carolina.     In  1824-25,  engaged  in 

making  a  geological  and  mineralogical  survey  of  North  Carolina.     During  1825  to 

1835,  professor  of  mathematics  and  natural  philosophy  in  Yale.     From  18J^  to  time 

of  bis  last  illness,  professor  of  natural  philosoi)hy  and  astronomy  in  Yale.     Author 

of  text-books  on  natural  philosophy,  astronomy,  and  meteorology,  and  perhaps 

most  widely  known  by  his  papers  on  meteoric  showers. 

Biogr.  Am.  Jour.  8cl.  XXVIII,  Nov.,  IHW.  pp.  109-118. 

New  Englander,  August,  1859. 

Popular  Science  Monthly.  Jan.,  1895.  i>p.  401-408. 

Orton,  Edward.    Geologist. 

Bom  in  Deposit,  Delaware  County,  N.  Y.,  March  9,  1829;  died  in  Coiumbu.**,  Ohio, 
October  16,  1899.  Studied  for  the  ministry  and  was  ordaine<l  pa.stor  of  the  Pres- 
byterian  church  at  Downsville,  Delaware  County,  N.  Y.  In  1858  he  resigned  to 
become  professor  of  natural  sciences  in  New  York  State  Normal  School  at  Albany. 
Principal  of  the  prei>aratory  department  of  Antioch  College,  in  Yellow.springs,  Ohio, 
from  1865  to  1872,  being  electeii  to  the  presidency  of  the  college  at  the  latter  date. 
Became  president  of  the  State  Agricultural  College  m  \%1^,  >nVv\Ocv  \««v\:\w:l  \v&  visjj^x^- 
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pie<)  until  l.iineof  hiK  ileath,     Ttcciune  Stale  geologii^t  of  Ohio  in  1RK2.     Hieprincipd 
work  Hx  an  inveeligator  r«laleil  In  the  ofUiirrenM  and  origin  uf  petroleuiu  and  dtn. 

Bicgi.  J,  J.  AtevcDwn,    Journ.  ol  (}»>[..  Vltl.  No.  3,  tW).  pp.  VIB-SIS. 

SckiiRC,  Jul.  S,  ISOt),  pp.  1-Jl. 

Pup.  Hpl.  Monlblr.  March,  mw,  pp.  BOT-eiS, 

Amer.  OetauglBt,  XXV,  Apr.,  IMO.  pp,  W-aO. 

E.  O.  Hover.    E>ie.  &  Uln.  Ji<uni.,  XLVIII,  Kn.  IT.  Oot.  31.  ISW.  p.  4». 

OwvN,  DAYiii  Dalb.    Geol<igist. 

Born  near  New  Lanark,  ScoUanrf,  Jubp  24,  IH07;  (liH  in  Kew  Harmnn)',  Isri. 
November  13,. I860.  Came  to  America  in  1S24,  hut  retiiniei  to  Scotland  in  I8S8 
retnrning  agfUn  to  America  in  1R27.  GraduatwJ  afi  doctor  of  medicine  in  ISlfi.  Cmi 
nect^  with  State  geological  eiirvey  of  Tetinenaee  under  Troost.  Staff  geoio|ri«  "( 
Indiana,  1837-38.  Made  suireya  of  the  Duliuqiio  and  Mineral  Point  dirtridt  4 
WiftcoHBin  and  Iowa,  1B39-40.  In  1847,  was  appointeti  Dnit«J  Slates  geolopiM, 
directed  to  make  mirvcy  of  the  Chipi>ewa  land  district.  In  1854,  was  appiuntnt 
^tate  (teulogist  of  Kentucky;  in  1S&7,  Stat«  geologiat  of  ArkaoHae;  in  1859,  qipoutfil 
lor  tlif  second  time  Stal«  geol(i((hit  of  IndiaDB. 
Blogr.  American  Geologlit.  TV,  Aug.,  ItM,  pp.  66-72. 

OwxK,  Rn^nABD.     Educator. 

Bom  in  New  Lanark,  ^'otland,  January  6,  1810;  died  in  New  Hanuonjr.  ^oA- 
Man-h  25.  1800.  Came  to  America  with  hia  brother.  David  Dale  Owe'ji.  in  lOI 
Whs  chief  asaistant  to  his  brother,  David  Dale,  during  exploraliona  of  northHn 
shore  of  l.akti  Superior.  For  a  time  prulesor  in  Wwtem  Military  Inelil4ile  in  Ken- 
tucky, and  the  State  University  in  Nashville.  Professor  of  natural  adencse  in 
UnivcrHity  of  Indiana  tram  1864  to  1H79- 

Bliwr.  rep.  BDi.  Uonlliiy,  XXIU,  pp.  lOB-lia;  Pop.  8(d.  Uonthl}-.  XXXVU,  ^IM. 

Pkai.e.  Ai.bkrt  CitARLEe.    Geologist 

Bj)rn  in  Ilecksherville.  I'a,,  April  1.  1849.  Graduateil  from  I'nivemty  ot  Penn- 
sylvania,  M.  D..  in  1871.  Mineralopst  and  geoloRist.  I'.  S.  GeolnKiial  •nil 
Geographical  Survey  of  Territories,  1871-1879;  geologist,  V.  S.  Geological  Sanef, 
1881-1898.  Since  1898  he  has  had  charge  of  paleobotani<al  collections  in  f.  8. 
National  Museum. 
Pkkitval,  Jambs  Gatk.    Geologist  and  litteiatenr. 

Born  in  Kensington,  Conn.,  September  15,  1796;  died  in  Hazelgreen,  W'«.,  Ml! 
2,  1868.  Received  the  degree  of  H.  D.  in  1820,  but  never  practiced  medicine.  1" 
1824,  proteBBor  ol  chemistry  at  the  West  Point  Militarj-  Acaitemy.  In  18S5,«« 
appointed,  in  coni|»ny  with  Prof.  O.  U.  Shepard,  to  make  geological  and  mtiwni- 
ogital  survey  of  Connecticut.  State  geologist  of  Wisconsin,  1664-1856. 
BliiRr.  Am.  Journ.  Bd,,  XXtl,  lt66.  pp.  lW-1. 
Ocol.  Surrey  of  Wiiwonain.  lKi«.    Prela™. 

Perry,  John  Bn.KUBT.    Clergyman  and  geologist 

Born  in  Richmond,  Berkshire  County,  Mass.,  December  12,  JSS.'t:  died  in  Oini- 
bridge.  Ma"*.,  Oi1n|-ierW,  1S73.  GraiiiifltM  in  thimlncy  fnim  And-ncr  in  IWS,  «"<' 
waa  preacher  until  1867.  In  that  year  was  appointed  lecturer  on  geology  and  asi^- 
ant  to  Louis  Agassiz  in  paleontology'  at  Harvard.  In  1869,  lectured  on  geologt'  ix 
University  of  Vermont.     In  1871,  accepted  profeBsorahip  of  geology  in  Oberlin,  Ohio 

Hrmmlnwaj-BGaiellecrol  Vi,.  for  19W. 
Anior.  Jour,  Sci.,  IV,  1872,  p.  AH. 

Peter,  Robert.    Chemist. 

BominComwall,  England,  January  21,  1805;  died  in  Louisville,  K v.,  1894.  Cvne 
to  America  in  1821.  In  1830,  professor  of  chemistry  in  the  Western  UnivetatJ  of 
IVnusylvania.  In  1832,  professor  of  chemiatry  in  Uorriaon  College,  Lexington,  Kf. 
AJeo  serveil  in  a  similar  position  in  the  Transylvania  Univereity  and  in  the  KentockT 
Scitool  of  Medidae  at  Lomev^We.    $>a\)M9\\>«n\  \jq  V^ft&,  ^rutenoc  of  chemiatry  in  Clw 
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Kentucky  State  Ck)llege.  Was  at  the  hea<l  of  the  chemical  department  of  the  State 
<i€ological  Survey,  1854-1861,  and  particularly  active  in  the  study  of  soils  and  min- 
imi waters. 

BUigr.  MemoriHl  Trans.  Ky.  State  Med.  S(»c.  in,  1895. 

Potter,  William  Bleecker.     Mining  engineer  and  metallundst. 

Bom  in  Schenectady,  N.  Y.,  March  23,  1S4<).  (iradnated  from  Columbia,  1866; 
amiKtant,  geology>  Columbia,  1869-1871.  Assistant  on  geological  survey  of  Ohio; 
professor  mining  and  metallurgy,  \Va8hingt<m  University,  St.  l-iouis,  18^1. 

Powell,  John  Wimley.     Ethnologist  and  administrator. 

Born  in  Mount  Morris,  N.  Y.,  March  24,  18,34;  died  in  Haven,  Me.,  September 
23,  1902.  Serve<l  through  civil  war,  reaching  rank  of  major.  After  war,  profes- 
sor of  geoh>gy  in  Illinois  Wesleyan  University  and  Illinois  Normal  University. 
Explored  Grand  Canyon  of  Colorado,  1869.  In  1871-1879,  at  hea<i  of  survey  of  the 
Rocky  Mountains.  In  1879,  tlie  Bureau  of  Ethnology  was  e«tablishe<l  and  Major 
Powell  made  director,  a  place  that  he  held  until  iiis  death.  In  1881-1894,  also  director 
of  I^.  S.  Geological  Survey. 

Wm.  n.  Brewer.    Am.  Jour.  Sci.,  XIV,  Nov.,  1902.    pp.  377-382. 
BiogT.  G.  F.  Merrill.    Am.  Geologist,  June,  '03.    pp.  327-383. 

Prime,  Frederick.     Geologist  and  metallurgist. 

Bom  in  Philadelphia,  Manih  1,  1846.  Graduated  from  Columbia  College,  1865, 
A.  M.  Studied  four  years  at  Royal  School  of  Mines,  Freiberg,  Saxony.  Assistant 
professor  Columbia  School  of  Mines,  1869-70;  professor  geology  and  metallurgy, 
liifayette  College,  1870-1879;  assistant  State  geologist  of  Pennsylvania,  1874-1879; 
professor  natural  history,  (tirard  Collie,  since  1895. 

Pi'MPELLY,  Raphael.     <ieologist. 

Born  in  Oswego,  N.  Y.,  Sept«ml)er  8,  1837.  In  1862-<>3,  employed  in  economic  work 
by  Japanese  and  Chinese  Crovernments.  In  1865,  appointed  professor  of  mining 
engineering  in  Harvard  University.  In  1869-1871,  State  geologist  of  Michigan,  and, 
1872-73,  director  of  State  survey  of  Missouri.  In  1881,  director  northern  transconti- 
dental  survey,  and,  1884-1890,  in  charge  archean  division  of  the  U.  8.  Geological 
Survey. 

BioKT.  Nat.  Cyclopedia,  VI,  p.  362. 

Rrdfield,  William  C.     Meterirologist. 

Born  near  Middletown,  Conn.,  March  2(),  1789;  died  in  New  York  City,  February 

12,  1857.     Wrote  principally  on  meteorology,  l)eing  the  author  nf  some  62  pai)ers  on 

this  subject.     Also  wrote  articles  on  geology,  with  i)articular  reference  to  the  eastern 

Priassic  areas. 

Bioprr.  Am.  Jour.  Sci.,  XXIII.  lHr>7,  pp.  292-293:  XX TV,  1h.-)7,  pp.  Hr).'>-373:  Canadian  Nat.  Si  (it'ol., 

II,  1857,  pp.  426-446. 
H.  L.  Fairchild.    Hi»tory  of  New  York  Academy  of  .Science.  18S7,  i)p.  7r>-81. 

Robpper,  William  T.     Minemlogist. 

Boni  in  Peilau,  Lower  Silesia,  March  7,  1810;  died  in  BethU^hem,  Pa.,  ^larch  11, 
1880.  Came  to  America  in  1840  in  the  »i»rvioe  of  the  Moravian  Church.  In  1866, 
waa  appointed  professor  of  niinenUogy  and  geology  and  curator  of  nuiseuni  in  lychigh 
University,  Bethlehem,  Pa.,  retaining  the  i)rofessorHhij>  for  three  years,  but  remain- 
ing curator  until  1871.  His  writings  were  mostly  of  a  mineralogical  nature. 
Biogr.  Am.  Jour.  Sci.,  XIX.  1880,  p.  340. 

Rogers,  Henry  Darwin,     (ieologist. 

Born  in  Philadelphia,  August  1,  1808,  an<l  dieil  near  (Glasgow,  Scotland,  May  29, 
1866.  Professor  of  chemistry  and  natural  philo8oi)hy  in  l)ickin.*<on  College,  1h:K>-81. 
Professor  of  geology  and  mineralogy  in  Tniversity  of  Pennsylvania,  1H.'{5-1846. 
State  geologist  of  New  Jersey,  lS:i')-1840;  State  ge<>logist  of  Pennsylvania,  184r)-isr)2; 
regins  professor  of  natural  history  in  University  o(  U\ai*fti>vf ,  ^v:vA\w\\v\,\'^M-V^^>>^^, 
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KciiBRK,  Wn.LiAM  BAnroK.    Geologist  and  educator. 

Born  in  Phi  lade  Iphk,  Pa.,  I>eceml)er  7,  1804;  died  in  Bo«on.  Mam..  May  M0,H«1  ' 
Profeewir  in  William  auii  Mary  College,  1827-18.15.  Profeiwor  of  nHtiirel  hisluiT, 
Unii-preity  o(  Virginia,  18115-1853.  Direptor  of  thu  |ceologi«il  survey  of  Viijiiua,  j 
1835-184:^.  One  of  tbe  founders  aud  president  of  the  Maemcbusette  In^tnle  of  1 
Tet-hniilngy,  IB62  to  the  time  of  hi«  death.  President  of  American  AsBodalion  t«  1 
th«  Advnn(»nient  of  Science  in  1875. 

Blimr.  P<>^.  Sei.  Monthly.  IX.  lS7e.  t>I>.  OOO-AD. 

Ulp  Btlil  Lcllcrs  !■(  W.  fl.  Rfleew,  The  R[vendde  Pn?».  Cgmbrider.  Mum. 
BoMiHiiKB.  CabIi  Ludwiii.     I'h\'3ician  and  paleontologiat. 

Bora  in  Schnaillieim,  Wiirtteuibety,  (lennany,  December  3\,  lA2fl.  (Jr 
from  University  of  Tubiitgeti  ill  1839.  Asaietant  in  chemical  laboratory  of  aaiue  ulu-  1 
ventity,  1S42-1845.  In  1845-1848,  Htiidi^  geological  etructure  of  variou«  oountriesof  I 
Eunipe.  Ciune  to  UiiilAil  States  ill  1848  and  practiced  roedidne  in  Onciniuili  (W  1 
twenty-fl"pe  years,  lu  1870-1883,  itirector  of  the  t^ologioil  sun-ey  of  Michi^n. 
RitiTtK,  Edmitkd.     A^riimlturiet 

Born  in  Prince  Ueorge  County,  Va.,  January  5,  1794;  diwl,  June  17,  iVS-'y.     WrniP 
priiii'i^Htlly  on  luiiteandnianurea.     Foratimeagrienlturu)  surveyor  of  Siiutli  CttmUiM.      | 
RlTmnl.i..  Ibbael  Cook,     (ieoln^t  and  gei'grapher. 

Bom  in  Garrattsville,  N.  Y.,  Dewniber  10,  1862.  (iraduatwl  from  New  Ynrk 
Univcraity,  Pootgraduate  ftudim  in  Si'hool  of  Mines,  Columbia.  Memtirr  I',  i*. 
Tmialt  (if  VeniiB  oxpedilloti  to  New  Zealand,  1874-75;  aeeielant  in  geology,  Coluni- 
liin,  ltt75-1877:  aaaistant  p-ologi^t  cm  I'.  H.  Gcolopt»l  and  Ueographical  Survey  w<«t 
of  oae-hnndreilth  [oeridian,  1878;  eeologist  IT.  a  Geological  Survey.  1880-1892;  pro- 
fiwBorof  iteoloKV,  I'iiiviTMty  of  MLchijjiin.  wiiiee  1892.  J 

S.^millT.,  .UmH,   MHRJ.11.L       i;,.,,l..i;l-.i  I 

Bom  in  Putnam  (now  Zanesville),  Ohio,  Angtut  13,  1822.  Gndnated  from  Ohio 
University,  at  Athens,  In  1844.  ProfesHor  of  natural  ecienre  at  Cumberland  Uni- 
vereity,  l.;ebanon,  Tenn.,  from  1848  to  1872.  State  geologist  of  Tennewee,  1854-1860 
and  1871-1889,  For  twenty-five  years  professor  of  geology  in  VanderbiltUniverwty, 
1875-1900, 
ScnooLTBAFT,  Henby  Rowr.     Explofer. 

Born  in  A llmny  County,  X.  Y.,  March  28, 1793;  died  in  Washington  City,  December 
10.  1804.     Wbh  trained  aa  land  surveyor  and  became  early  connected  with  we«t<:m 
exploring  expeditions.     Was  naturalistand  mineralogist  on  the  expedition  to  explore 
the  sources  of  the  Mississippi  River  and  investigate  thecopperdeposils  of  Lake  Supe- 
rior, 1820-1822.    Travele<l  extensively  in  central  portions  of  the  Miasiemppi  Valley  in 
U24-25.     In  charge  of  an  expetlition  to  upper  Missiseippj  Valley  in  1832.     Beet 
known  aa  traveler  and  explorer,  but  his  notes  contain  much  material  which  at  the 
time  was  of  geological  interest  and  importance. 
Blogr,  IMp,  Brl.  Moiithl]-.  May,  ISW,  pp.  113-121, 
NallnnaL  Magailnp.  Jan,  !»,% 
SciutDER,  Sahiki,  llirnHARii.     Kntomologist  and  paleoDlolc^ial. 

Bom  in  Boston,  Mass.,  April  13,  1837.  Graduated  from  Williams  College,  1S57; 
Lawrence  Scientific  School,  B.  S.,  1862.  Assisted  Louie  Agaaeii  in  Museum  of 
Coin^iarative  Zoology,  Harvard,  1862-1864;  secretary  Boeton  Society  of  Natural 
History,  1862-1870;  president  of  same,  1880-1887.  Paleontolc^st,  U.  S.  (ieologini! 
Survey.  Voluminous  writer  on  living  and  fossil  insects. 
Srlwvn,  Alfred  Richard  Cecii..    Stratigraphic  geologist. 

Bom  in  Kilmington,  Somersetshire,  Ki^land,  July  28,  1828;  died  in  Vancouver, 
Britinh  Columbia,  October  19,  1902.  Assistant  geologist  on  geological  survey  of 
Great  Britain  frou)  1845  to  1852.  In  1853,  appointed  to  undertake  geolc^ical  survey 
of  Victoria,  Australia;  bIbo  made  rei[)OT\,  ontasmaxtVa.'nciA.V  and  ^Id  fields,  and  in 
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li*i9,  made  survey  of  South  Australia.  In  1869,  puccee<led  Sir  William  Ix>^n  as 
«lirect4)r  of  geological  survey  of  Canada.  In  1871,  undertook  exploring  exjxjdition 
into  British  Columbia.  His  publications  numl>er  nion»  than  eighty  lKK>ks  and  pam- 
phlets on  geological  subjects. 

Biogr.  Henry  Woodward.    Geological  Magaxinc,  London,  Feb.,  1899,  pp.  49-fA. 
H.  M.  Ami.    American  Qeologi8t.  XXXI.  No.  1,  Jan.  1903,  pp.  1-21. 

Shaler,  Nathaniel  Soithgate.    Geologist  and  educator. 

Bom  in  Newport^  Ky.,  February  20,  1841.  Graduate<l  from  Harvard  in  1862. 
Instructor  zoology  and  geology  Lawrence  Scientific  S(;hool,  18(>8-1872;  professor 
paleontology,  1868-1887,  and  since  then  professor  geology,  Harvanl  University; 
director,  Kentucky  geological  survey,  1873-1880. 

Shepari),  Charlb)  Upham.     Mineralogist. 

Bom  in  Little  Compton,  R.  I.,  June  29,  1804;  die<i  in  Charlest<^>n,  S.  C,  May  1, 
1886.  Graduated  from  Amherst  College  in  1824.  Assi8te<l  I*rofes.sor  Silliman  at  Yale 
College,  1827-1845.  State  mineralogist  of  Connecticut,  18:^5-18.S7;  1845-1852;  and 
1861-1877,  professor  of  chemistry  and  natural  history  in  Amherst  College,  Massachu- 
setts. During  1854-1861  and  1865-1869,  professor  of  chemistry  at  South  Carolina 
Medical  College,  Charleston. 

Biogr.. Am.  Joum.  Science,  XXXI,  1886,  p.  482. 

Shcmard,  Benjamin  Franklin.     Paleontologist. 

Bom  in  Lancaster,  Pa.,  November  24,  1820;  died  in  St.  Louis,  Mo.,  April  14,  1869. 

Eiducated  as  a  physician,  but  early  Ijecame  intere8te<l  in  paleontology.     Contribute<l 

to  Owen's  Rei)ort  on  the  Geology  of  Wisconsin,  Iowa,  and  Minnesota.      In  1850, 

accompanied  Doctor  Evans  on  his  geological  reconnaissance  of  Oregon.     In  1858,  was 

appointed  assistant  geologist  and  i>aleontologist  of  the  Missouri  geological  survey 

under  G.  C.  Swallow.  State  geologist  of  Texas,  1858-1861.     His  work  was  almost 

wholly  of  a  paleontological  nature. 

Biogr.  Amer.  Oeol.,  IV.  No.  1.  July.  1H99,  pp.  1-6. 
Am.  Joum.  S<;ience  and  Art*<.  XLVIII.  1H69.  p.  294. 

Silliman,  Bbnja.min.    Chemist  an<i  educator. 

Bom  in  New  Stratfonl  (now  Trumbull),  Conn.,  August  8,  1779;  died  in  New 

Haven,  Conn.,  November  24,  1864.     Professor  of  chemistry  and  natural  history  at 

Yale  College,  New  Haven,  C\mn.,  1802-1853.     Founde<i  the  Ameri(!an  [Sillimaii's] 

Journal  of  Science  in  1818.     Was  note<l  as  teacher,  public  lectun»r,  and  writt»r  more 

than  an  original  investigator. 

Am.  Joum.  of  Science  and  ArUi,  XXXIX,  May.  1865,  p.  l. 
George  P.  Fisher.    Life  of  Benjamin  Hilliman,  N.  Y.,  StTibner  A  Co.,  1866. 
Memoir  of  Benjamin  Hilliman  by  Alexis  rju<w<ll.     Mem,  Nat.  Acad,  of  Hi'l,  I.  1877. 
Bio^.  Pop.  Sci.  Monthly.  XXIII,  June.  18X3.  pp.  •A'V9-t>66. 

Silliman,  Benjamin,  Jr.     Chemist. 

Bom  in  New  Haven,  Conn.,  I)et^»nd)er  4,  1816;  tlie<l  in  New  Haven,  January  14, 
1885.  In  1837-1846,  assistant  professor,  and  1837-1885,  professor  of  chemistry  at  S'ale 
College. 

Smith,  C.  D.    Clergyman. 

Bom  in  Buncombe  County,  N.  C,  April  1,  1813.  By  profession  a  Methodist 
clergyman,  but  during  a  i)ortion  of  1859  and  1860  was  r(mnecte<l  with  the  geological 
survey  of  North  Carolina  under  Kl)enezer  Kmmons.  Was  also  for  a  time  connect^Ml 
with  the  State  survey  under  W.  C.  Kerr. 

SMrrH,  KroENB  Allen.     Geologist. 

Bom  in  Washington,  Autauga  (V)unty,  Ala.,  October  27,  1841.     Graduate<l  from 
University  of  Alabama,  18(>2.    In  1W)5-1S()K,  studic»d  in  Germany,  rt»turning  to  America 
and  b(HX)ming  assistant  to  Dr.  (ieorge  Little  on  gi»ological  survey  of  Mi»«<issippi.     In 
1871  lx?came  professor  of  geology  and  mineralogy  in  University  o(  \\«A\«a\y\^  ^\v\  \\\ 
1873  wa»nppoinU^l  S7af<»ge^)logist,  whith  \M)s\t\oT\  \\o  hV\\\\\oW. 
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Smith,  John  Lawhknc-b.    Mineralogital  chemist. 

Born  in  Oharleeiou,  8.  C,  Decemlwr  17,  1818;  died  in  Lmiigville,  Ky..  October  1^ 
16S,i.  Pmcticitig  phy»iciiui  in  Charleston,  8.  C,  and  Slat*  aaaayer  for  North  and 
Boiith  Carolinit.  Mining  ou);ineer  h>  the  Turkish  Government.  1&48-1850.  Cam- 
iniwiuner  to  Pattb  Expoaition  in  1S67.  Piibliaheil  miuiy  papen  on  the  chemiral  coin- 
poflilion  of  Ameirimn  minerals  sod  was  on  Authririty  on  the  siibjfH-t  of  niet<yirilee. 

Bli«r.  Pop.  »■!.  Monthly,  VI.  Dec.  1874.  pp.  lEO-eU. 

BEcigT.  Benj.  MIlltDWi.    Nat.  And.  tlrl..  Bl<i«r.  Mimniin.    n.  ISxe. 

Squirb,  Joobph.     Mining  eiiinneer. 

Bora  in  Ktiglaiid.  Came  to  A.iiieri(!n  nt  age  of  18.  Employoil  in  work.iof  I'i«bodf 
Purnst*  Company,  ftt  Providencn,  H.  I.,  where  he  teamed  mining.  Snl>an|ii«nll]r 
movtM  U>  Kansas.  In  1859,  wtnt  lo  AlakHtiiiH  and  bei^mc  eniiaiKit  in  iiiul  tiiining 
an'i  the  work  of  a  ininin);  engineer.  After  \H7U  was  employed  part  of  the  time  bir 
St8l«  geological  siin^ey. 
Stkvbkhoh,  John  Jahbb.    Oeolo^iatand  educator. 

Bom  111  New  York  City.  October  10,  1841.    Gnuiuat«d  from  New  York  tTnlver' 
aity  ill  1863.     United  States  geologist,  1873-T4;  with  Wheeler  survey  west  of  «n»-- 
huiiilredth    muridian,    1878-1880;     geolii^t    of     Pennsylvania    geo1ogi<^ai    survpy, 
187.^1878,  1881-82;  prolesBor  of  geology.  Xew  York  Univenrity,  since  1871. 
SwALLoiv,  (iaoRitE  Cljnton.     Stratigrap hie  geologist. 

Bom  ill  Biiokfiekl,  Oxford  Comity,  Me.,  in  1817;  died  at  Evanston,  Hi..  April  20, 
1890.  lecturer  on  botany  an  applied  to  agriculture  and  mechanical  arts  at  Bowdutn 
Collutce.  184^1  principal  of  Brunswick  Female  Heminary,  1843-184i):  principal  of 
Uampdon  At-adeniy,  Maine,  18-tti;  professor  of  chemintry,  geology,  ami  ininenJogy 
of  the  University  of  the  State  of  Missouri,  18A1-1R53;  Htate  geologist  of  Missotiri, 
186S-18fll;  professor  of  chemistry  and  natnral  science  in  the  UniTersity  of  Minotlfi,  ' 
1S57-S8;  asaistant  geologist  of  Kaii!^,  1S64;  State  geologist  of  Kansus,  1S(>.>-Sfi;  \>n- 
femor  of  agricniture  in  the  Aftricultaral  and  Mechanical  College  of  Miaeoiui,  1870; 
professor  of  botany,  eompai»tive  anatomy,  and  physiology  in  medical  school  of  Uni- 
versity of  Missouri,  1872;  professor  of  natural  sciences  and  dean  of  the  Agricultunl 
and  Mechanical  College  uf>  to  1882;  State  inspector  of  mines  of  Montana,  1886-89. 
Blogr.  Amorlcan  Qeol(w|«(.  XXIV,  July.  1899,  pp.  1-«. 

Tavlor,  Richard  Covuxa.    Geologist  and  minii^  engineer. 

Bom  in  Hinton,  8i)0olk,  England,  January  18,  1789;  died  in  Philadelphia,  Pa., 
October  2i>,  1851.    Ca^ne  to  America  about  1830. 
Tkohbhacher,  Jahk  Enolbbbrt.    Paleobotanist. 

Bom  in  NottingbAin,  England,  June  U,  17D0;  died  in  Boston,  Mass.,  185.S.    Came 
to  America  February  7,  1832,  and  settled  in  Boston.    A  busineee  man  with  scientific 
tendencies. 
Thompbos,  Zadock.     Clergyman. 

Bora  in  Bridgewater,  Vt,  May  23, 1796;  died  in  Burlington,  Vt.,  January  19, 1866. 
First  Itecaine  noted  as  a  compiler  of  almanacs  and  from  hie  publication  of  a  gazetteer 
of  Vermont,  which  appeared 'in  1826.  Assistant  on  State  geological  survey  of  Ve> 
mont,  1845-1847.     Sute  naturalist  of  Vermont,  1853-1856. 

Biogr.  I'op.  Rcl.  Monthly,  Dec.,  law.  pp.  ■262-287. 

Am.  Journ,  Set.,  XXII,  1866,  pp.  4^-19. 

(J.  H.  Peckini.    Amertcsii  Oeologlsl,  XXIX.  No.  2.  19«K,  pp.  66-Tl. 
Trask,  JoHtr  BoARDMAN.     Surgeon. 

Bora  in  Roxbury,  Mass.,  1824;  died  in  San  Francisco,  Cal.,  Jnly  3,  1879.  Edu- 
cated at  Yale-  One  of  the  charter  members  of  the  Academy  of  Natural  Sciences  of 
Sail  Francisco,  Geologist  on  boundary  survey  between  Mexico,  California,  and 
Nevada;  Mtale  geologist  of  California  in  early  Hftiea.     Aasistant  surgeon  of  volunteerH 
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Troost,  Gerard.    Qhemist  and  geologist 

Bom  in  Bois-le-Duc,  Hollan<l,  March  15,  1776;  died  in  Nashville,  Tenn.,  August 
14,  1850.  Came  to  the  United  States  in  1810  and  was  one  of  the  founders  of  the 
Philadelphia  Academy  of  Natural  Sciences  in  1812;  chosen  its  first  president.  In 
1821,  was  appointed  professor  of  mineralogy  in  Philadelphia  Museum,  and  profes- 
sor of  chemistry  in  the  Philadelphia  College  of  Pharmacy.  Professor  of  chemistry, 
geology,  and  mineralogy  iii  University  of  Nashville,  Tenn.,  1828-1850.  State  geolo- 
gist of  Tennessee,  1831-1850. 

BU)gT.  Applet4>n'8  Cylo.  of  Amer.  Biog. 

L.  C.  Olenii.    Amer.  Geol..  XXXV,  No.  2. 190ft,  pp.  ?2-W. 

TuoMEY,  MicHAKL.    (teologist. 

Born  in  Cork,  Ireland,  September  29  (St.  Michaers  Day),  1805;  diet!  in  Univer- 
sity, Ala.,  March  30, 1857.  Came  to  America  when  alx)ut  17  yt^arsof  age  and  became 
a  teacher  on  the  eastern  shore  of  Virginia,  but  afterwards  went  to  Troy,  N.  Y.,  and 
was  graduated  from  Rensselaer  Institute.  State  geologist  of  South  Carolina  in  1844. 
In  1847,  was  appointed  professor  of  geology,  mineralogy,  and  agricultural  chemistry  in 
the  University  of  Alaliama,  and  in  1848,  was  appointed  State  geologist  without  salary. 
In  1854,  relin(]uishe<l  his  professorship  at  the  University  in  order  that  he  might  give 
all  his  attention  to  the  survey. 

Biogr.  Amer.  Geol.,  XX.  Oct.  1897,  pp.  206-212. 

Tyson,  Philip  Thomas.     Chemist. 

Bom  in  Baltimore,  Md.,  June  23, 1799;  died  there  Deceml)er  16,  1877.  State  agri- 
cultural chemist  of  Maryland  1858. 

Van  Rensselaer,  Stephen.     Patron. 

Bom  in  New  York  City,  November  7, 1765;  died  in  Albany,  N.  Y.,  January  26, 1839. 
Established  the  Rensselaer  Polytechnic  Institute  in  Troy,  N.  Y.,  in  1826.     A  general 
patron  of  the  sciences  and  the  pioneer  of  American  geological  surveys,  Eaton's  early 
work  on  the  geology  of  the  Erie  Canal  region  being  (»rried  on  at  his  expense. 
Biogr.  Amer.  Jour.  Sei.,  XXXVI,  1839,  pp.  156-164. 

Vanuxem,  Labdner.     Chemist  and  stratigrapher. 

Bora  in  Philadelphia,  Pa.,  July  23,  1792;  died  in  Bristol,  Pa.,  January  25,  1848. 
Professor  of  chemistry  and  geology  in  Columbia  CJollege,  S.  C,  from  1820  to  1826.  In 
charge  of  third  district  New  York  survey  from  181^6-1842. 

Biogr.  Pop.  Sci.  Monthly.  Ai)rll,  1895,  pp.  83^-840. 

Wachsmuth,  Charles.     Paleontologist. 

Bom  in  Hanover,  (Germany,  September  13,  1829;  died  in  Burlington,  Iowa,  Feb- 
ruary 7,  1896.  Came  to  America  in  1852  and  entered  ujwn  a  mercantile  career,  but 
going  West  for  his  health  took  up  scientific  pursuits,  in  which  he  continued  until  his 
death.  For  several  years  assistant  to  Ix^uis  Agassiz  in  the  Museum  of  Comparative 
Zoology. 

BiosT.  Chas.  R.  Keycs  in  American  Ge<>logist,  XVII,  1896,  pp.  131-136. 
Walcott,  Charles  Doo little. 

Bom  in  New  York  Mills,  N.  Y.,  March  31,  1850.  Became  assistant,  New  York 
State  survey,  1876.  Connected  with  U.  S.  (ieological  Survey,  as  geologist  and  paleon- 
tologist since  1879,  and  as  Director  since  1894.  From  January,  1897,  to  July,  1898, 
Acting  Assistant  Secretary  of  Smithsonian  Institution.  The  Cambrian  rocks  and 
faunas  of  the  United  States  have  been  his  esi>e(*ial  subjects  of  research. 

White,  Charles  Abiatiiar.     Paleontologist  and  stratigrapher. 

Bom  in  North  Di^hton,  Mass.,  January  26,  1826.  Graduated  from  Iowa  College. 
State  geologist  of  Iowa,  1866-1870;  professor  Iowa  State  University,  1867- 1H73;  pro- 
fessor Bowdoin  College,  Mame,  1873-1875;  geologist  and  paleontologist  to  various 
United  States  (lovcrnment  surveys,  1874-1892.  (k)nne<*te<i  with  the  l'.  S.  National 
Museum  since  1876. 


^714  liRpoRi  nK  vxnatJkL  Kfnnnif  itM,. 

Wbitk,  Ibrabi.  C.     lienloglsL. 

Bom  ill  Mniionifalia  (Viitnty,  W,  V«.,  Novambar  1,'18M.  Ondnacd  fran  V«t 
Viruink  L'ni%-eraJty,  IHTl  A.  M.;  niiUtenttW»lofl*,flBWdQ«dBglMia«rwy,>IWw- 
Hyh-ania,  l875-18rH;  on  U.  a  li»ila|i(»l' Soiv^r.  USt-UBB;  prutMWif  of  giiiiliigj. 
Wmt  Virginia  Cniveraity,  ldT7-lH^  SpacUU iB  00*1,  petroteom, and  natBtri gw. 
State  geoliigisl  of  West  Vii^uia  ?iii06  lflS7. 
WniTPTBiJ),  RoBKHT  Pakr.     Paleontolcii^ 

Bom  in  New  Hiirtford,  Oad<la  (hnotj.N.T.,  )l«rS7,18aa.  AaMntfaipdMH 
l«l(jgy  r>Q  New  York  State  natural  litattny  mimft  1SG0-1S7B;  U.  &  Ofloiogkal  tevCT, 
1KT3:  teai'herand  prufesmtr  iit  geolcgy,  BwithiBr  BolyteAaic  iMBfartB, Ttoy,  W. T^ 
187S-1878;  itoee  1877,  cantor  ofgadogical  dcvarlniMtt,  AaMrieaa  KoMon  Hatiml 
HWory. 
Wsfflnr,  JcauH  Dwibbt.    OeidogU. 

Borain  Northampton,  ttlmn ,  Hovember  23,  1819;  diB<l  in  New  London,  N.  H.. 
AiVMt  19,  laee.  Oiadiiated  at  Tale,  1S39.  In  1S40-1642,  owislant  to  Jaclmn  ia 
geologleal  anmyof  New  Haa^Mhlre.  in  1^T-IS51,  on  survey  of  niiueral  liuidi>  of 
Idfca  Snpetfor  dittrlct  In  1866,  i^poinled  State  cheiiiiBt  of  Iowa  aud  profeesar  in 
Btats  Unlreraity.  In  1069-68,  aMOcieited  with  James  flail  on  geological  mn-ey  of 
Iowa.  In  1868-1860,  wHh  Hall  <m  KtHjIogical  enrvey  ol  Wiscoiiain.  In  1880-1874. 
.  Btita  geqjoglat  of  California.  Vma  IKiin  to  liia  ileaih.  the  Sturgis  Hooper  profeouir 
of  geology,  Harvard  DniveiHty,  CanLl>ri'<v'<'.  Ma.'^--. 
WntRlBWr,  Chulsb.    Stnitigrapliical  geok^  and  ardueologW. 

Bon  fat  BoqthingtcHi,  Oonn.,  October  4, 1008;  died  In  Caerelnd,  OUo,  Oetofaer  18^ 
laaa.  Omdnated  frtnn  Weet  PkAbI  in  1881;  migned  fram  atmr  at  doae  €t  neck 
Hawk  War,  and  from  that  time  to  1837  pnctioad  Imr.  In  ISST-ttSBi.  airiUMt  to 
W.  W.  Hattker  In  enrvey  of  Ohio,  acting  as  topognqiher,  gmgt^iher,  and  getriogiM. 
In  1844,  geologist  in  exploration  of  copper  region  of  Michigan.  In  1S47-18S1, 
employed  in  United  States  snirvey  of  eonntry  around  lalce  Superior  and  upper  Mie- 
eiceippi  with  reference  to  miiicf.  In  1849,  1850,  1858,  explored  valley  of  Menominee 
River  and  north  shore  of  Lake  Superior.  In  1848,  connected  with  D.  D.  Owen's 
survey  of  northern  Wisconsin.  In  1858--.'>9,  made  f(eologiraJ  aarveya  of  Wisconsin, 
and  in  1860,  assJHted  Jame8  Hall  in  Hurvey  of  eame  State,  from  1867  to  time  of 
death,  devoted  to  promotion  of  Wetttem  Reserve  and  Northern  Ohio  Historiral 
Society,  of  which  he  was  preflidetit;  vnluniinoufl  writer  on  geology  and  archaeology  of 
Northwest. 

Blottc.  A.  WlnRhcll.  American  Ovninglit.  IV.  1M9.  pp.  ^iT-68. 

Wionx,  O.  W.     Physician. 

State  geologist  of  WiBconain  1876,  succeoiling  Laphani,  and  himnell  aucceeded  by 
Chamberlain.     Made  but  one  re|iorl. 
WiNrHBLi.,  Alexa.m>er.     (ieolt^ist  and  educator. 

Born  in  Northeast.  N.  Y.,  Decemlwr  31,  1824;  die<l  in  Ann  Arbor.  Mich.,  Fehro- 
ary  19,  1B91.  Began  life  aw  a  teacher.  On  October  5,  1850,  took  charge  of  an  acad- 
emy at  Newbern,  Oreene  County,  Ala.  In  1851,  opened  the  Mesopotamia  Female 
Seminary  in  Eulaw.  Ala.  In  1853,  l>ecame  president  of  the  Masonic  University  at 
Selma,  Ala.  On  November  16,  1853,  was  appointed  professor  of  physics  and  civil 
engmeering  in  the  University  of  Michigan,  entering  upon  his  duties  January  24, 1854. 
In  1855,  became  prolessor  of  geology,  zoology,  and  botany  in  the  university.  State 
geolopst  of  Michigan,  1859-1861  and  lS6fl-1871.  Chancellor  of  Syracuse  Un]\-er- 
sity,  1873-74;  professor  of  geology,  Syracuse  University,  1874-75.  Connected  with 
Vanderbilt  University,  in  Nashville,  Tenn.,  187.'>-1878.  Profeesor  of  geology  and 
palefmtoloiry  in  Ann  Arbor,  Mich.,  1879-1891.  I^fessor  Winchetl  was  one  of  tlie 
beft  known  of  popular  writers  and  lecturers  in  geology. 
Bull.  Oeol,  Soc.  of  AmerKa.lll.lWl,  W-a-^*,f*^- 
Amer.  npol..  IX.  1H»,  P1>.  71-148. 
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WiNCHELL,  Neiiton  Horace.     Geologist. 

Born  in  Northeast,  N.  Y.,  December  17,  1839.  Employed  on  geological  survey  of 
Michigan  in  1860;  graduated  from  University  of  Michigan,  1866;  assistant  State  geol- 
olgist  of  Michigan,  1869-70;  assistant  geological  survey  Ohio,  1870-1872;  etlitor 
American  Geologist,  Minneapolis;  professor  of  mineralogy  and  geology,  University 
of  Michigan,  and  State  geologist,  1872-1900. 

AViN<5,  AuouOTUS.     Clergyman  and  teacher. 

Bom  in  Rochester,  Vt.,  Noveml)er  19,  1808;  died  in  Whiting,  Vt.,  January  19, 1876. 
Ivhicated  as  a  (*lergyman,  but  soon  left  the  profession  to  become  a  teacher  and  inves- 
tigator. Published  practically  nothing,  but  made  very  exhaustive  studies  of  the 
limestone,  slates,  and  quartzites  of  the  Otter  Creek  Valley,  with  a  view  of  settling 
their  geological  age.  His  results  were  communicated  to  Dana,  who  utilized  them  in 
his  papers  upon  the  Taconic  question. 

Biogr.  American  Geologist,  XXVIII,  1901,  pp.  IS. 

WisLizENUS,  Frederick  Adolphus.     Physician. 

Bom  in  Koenigsee,  in  Schwarzburg-Rudolstadt,  Germany,  May,  1810;  died  in 
St.  Louis,  Mo.,  September  22,  1889.  Gnuluated  from  University  of  Zurich  in  1834. 
Came  to  Americit  in  1837,  settling  in  St.  Louis.  His  geological  work  chiefly  result 
of  expedition  into  Mexico,  report  of  which  appeared  in  Washington  in  1848. 

WoRTHEN,  Amos  Henry.     Paleontologist. 

Bom  in  Bra<lford,  Orange  County,  Vt.,  October  31,  1813;  died  in  Warsaw,  III., 

May  6, 1888.     Began  life  as  a  merchant  at  Warsaw,  III.     Assistant  to  J.  G.  Norwood, 

State  geologist  of  Illinois,  in  1853.     Assistant  to  Prof.  James  Hall,  State  geologist  of 

Iowa,  1855-1857.     State  geologist  of  Illinois  from  1858-1888,  and  curator  of  the  State 

Natural  History  Museum  from  1877.     His  work  was  mainly  of  a  paleontological  and 

stratigraphic  nature,  and  related  principally  to  the  Carboniferous  series. 

Biogr.   Chan.  A.  White,  Mem.  Nat.  Aoad.  8ci.,  Nov.  1898,  pp.  ^11-362. 
E.  O.  Ulrich,  American  GeoIogiHt,  Aug.  1888,  pp.  114-117. 

Wrkiht,  Charles  E.     Geologist. 

Bom  in  Copenhagen,  Lewis  County,  N.  Y.,  October  7,  1843;  died  in  Marquette, 
Mich.,  March  22,  1888.  Began  life  as  a  civil  engineer,  afterwards  turning  his  atten- 
tion to  geology  and  mining  engineering.  Commissioner  of  mineral  statistics  for 
Michigan,  1876-1883.  State  geologist  of  Michigan,  1884-1888.  His  work  was  limited 
mainly  to  the  mining  regions  of  northern  Michigan. 
Biogr.  American  (Jeologist,  II,  1888,  pp.  307-312. 

Wright,  George  Frederick.    Clergyman  and  glacial  geologist. 

Bom  in  Whitehall,  N.  Y.,  January  22,  1838.  By  profession  a  clergyman,  and  in 
1871  pastor  of  a  Congregational  church  in  Andover,  Mass.  In  1881,  professor  of  New 
Testament  Exegesis  in  Oberlin  Theological  Seminary.  Has  written  extensively  on 
gla<*ial  subje(!ts,  his  most  pretentious  work  being  his  Ice  Age  in  North  America. 

WuRTZ,  Henry.     Chemist. 

Bom  in  eastern  Pennsylvania,  June  5,  1828.  Graduated  from  Princeton  in  1848. 
In  1851,  became  instructor  in  Yale  scientific  school.  In  1853-1855,  chemist  of  the 
geological  survey  of  New^  Jersey. 

Wyman,  Jeffries.     Anatomist  and  vertebrate  paleontologist. 

Bom  in  Chelmsford,  Mass.,  August  11,  1814;  died  in  Bethlehem,  N.  II.,  Septem- 
ber 4,  1874.  Graduated  from  Harvard  in  1833  and  studied  and  practiced  medicine. 
Professor  of  anatomy  and  physiology  at  Hampden  Sidney  Coll^je  at  Richmond,  Va., 
1843-1847.  From  1847  to  time  of  his  death,  Herney  professor  of  anatomy  at  II ar- 
vartl  College,  Cambridge. 

Biogr.  A.  8.  Packard.  Nat.  Acad.  Sci.,  Bkig.  Memoira,  II.  1886. 
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